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Foreword .

By rrs vERY NATURE, the spuace program is an activity that encompasses
a number of discrete projects, each aimed toward achieving specific
objectives within a finite period. Like many other advanced-technology
enterprises, NASA has relied heavily on the techniques of organizing
manpower and physical resources into project structures to realize goals
involving specified cost, schedule, and performance requirements,

In one sense, there is little new or unique about project management.
Much that has been accomplished in human progress has come by dedi-
cating and organizing human encrgies and physical resources to meet
specific goals. Modern industrialized society has become dependent on
this type of management to a higher degree than ever before. Not only
in the areas of hard sciences but also in the fields of social, economic,
and political affairs, there is an increasing tendency to tackle problems
through a project approach.

Despite the long history of project management, we still know
relatively little about its human aspects—what kinds of people fit into
a4 project organization, what effect project assignments have on profes-
sional development, how institutions and their employees are affected
by the discontinuities that are a necessary concomitant of project man-
agement. We still have much to learn about how to make the most of
the potential offered by project management while minimizing the
side effects.

It may well be that one of NASA's most valuable contributions to
furthering the advance of technology in all earthly endeavors is the
application of viable, {lexible management tcchniqucs of the space
program. This analysis draws lessons from management experience
gained over a broad spectrum of NASA projects. Although there have
been changes in NASA’s organization since the data were accumulated
for this study, the findings and conclusions reached are stjll valid.

DeMaArquis D. Wyarr

Assistant Administrator for Policy
and University Affairs
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Introduction N

THE EXTRAORDINARY suCCEss of the National Aeronautics and Space
Administration (NASA) in leading the United States from a position
of relative inferiority to one of world leadership in astronautics during
the 1960s has stimulated wide interest in the organizational and man-
agement systems which contributed to this feat. One area of NASA
organization and management which has drawn wide attention is
“project management.” It has been looked upon as a “new” type of
organization. Interest in it has been reinforced by the public visibility
of its products: the Tiros Weather Satellite Project (which returned
widely published pictures of the Earth and its cloud cover) ; the Lunar
Orbiter Project (which produced the first dramatic picture of the
Earth from the Moon's horizon) ; and, most prominent of all, Apollo—
manned exploration of the Moon.

FOCUS OF THIS STUDY

Beyond the analytical description of the NASA project management
system, this study had three objectives: (1) to identify those elements
in NASA project management that contribute most to successful per-
formance; (2) to develop information useful in the selection, attrac-
tion, and development of project managers; and (3) to determine
what, if any, elements in NASA project management are transferable
to other settings.

The study focuses on both the structure and the men, but principally
through the perceptions of those men in two key positions—the pro-
gram managers and the project managers. If it were possible to single
out one person as making the greatest contribution to the success of
any particular project, it would be the project manager. A major space
flight project involves the efforts of hundreds of individuals from a
galaxy of technical and administrative fields; it costs millions of dol-
lars. The manager must be supported by technical capability in depth,
such as that typically found during the aeronautics era in the NACA
Laboratories. Although innumerable individuals make substantial con-
tributions to any particular flight project, the final responsibility for
project success rests upon the shoulders of the project manager. He is

vii



vill PROJECT MANAGEMENT IN NASA

responsible for the day-to-day operation 0f the project. He has a coun-
terpart in NASA Headquarters who is the principal focal point for
Headquarters’ interests, planning, and control of the project—the pro-
gram manager. The men occupying these two positions and the quality
of their relationship, in large measure, determine the case or difficulty
of management and the relative success of the project.

This study focuses more upon the human element and the organiza-
tional perspectives ol the program and project managers than it does
upon the formal structural arrangements, control, and reporting sys-
tems. The literature of project management tends to place relatively
heavy emphasis upon the formal systems of control and review. Al-
though these systems contribute to the effectivensss ol project manage-
ment, they arc too Irequcmly mistaken for the key attributes of
project management.

STUDY LIMITATIONS AND METHODOLOGY

At the time of this study (1969-1971), NASA was organized into
four principal operating offices: The Office of Manned Space Flight
(OMSF) ; the Ofhice of Space Science and Applications (OSSA); the
Office of Advanced Research and Technology (OART): and the Office
of Tracking and Data Acquisition (OTDA). This study is limited to
program and project management in the OSSA and OART. The Office
of Manned Space Flight and the Office of Tracking and Data Acqui-
sition were excluded for several reasons. Manned Space Flight programs
have been dominated by the gigantic project Apollo (preceded by
Mercury and Gemini). They were the largest and most dominant proj-
ects in NASA but were not ‘representative’” in terms of the number of
substantial projects managed by NASA. Preliminary exploration re-
vealed that their clearly dominant priority and size resulted in a unique
style of management. In addition, the large Manned Space Flight proj-
ects do not ofler suitable analogs for wide application outside NASA.
There were no significant project activitics in the Office of Tracking
and Data Acquisition.

Since the project and program managers play the key roles at NASA,
irsght into their individual skills, motivations, management styles, and
perspectives on the organization and its environment ¢in be a key to
understanding what makes project management 5o successful in NASA.
In addition to the personal dimensions, those elements which consti-
tute the organizational environment—both formal and informal—are
important. The central hypothesis of this study is that the project
manager’s (Or program managers) relative success can be ascribed
principally to four clements: (1) his personal skill, (2) his personal
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characteristics, (3) his style or pattern of operation, and (4) the
organizational environment in which he works.
The study also addressed several questions:

What factors in the project management system facilitate or in-
hibit success?

What characteristics, skills, operational styles, or experience do
the most successful  project managers (program managers) have in
common?

What convergence is there in the perspectives of senior staff or
among project managers (program managers) about the criteria for
success in project management?

How are the roles of project managers and program managers alike?
Differen:?

Data for the study were collected by personal interviews, question-
naire, and a review of NASA documents. Like most organizations,
NASA usually is realigning its component units. This study does not
cover organizational changes that occurred after March 1971.

The 149 interviews conducted covered 32 different projects in OSSA,
OART, Goddard Space Flight Center, Langley Research Center, Lewis
Research Center, Flight Research Center, Ames Research Center, Wal-
lops Station, and the Unmanned Launch Operations of the Kennedy
Space Center. Interviews were conducted with current and past project
managers, current and past program managers, senior field installation
and Headquarters officials, and project and field installation staff
members. Preliminary interviews were conducted as early as January
1969, but the primary interviewing began in November 1969 and con-
cluded in August 1970. The interviews ranged from one hour to two
hours in length and were directed principally at the project (program)
manager's perspectives on his job, on the project management system,
and on his operational style. Interviews with project staff focused on
these same elements in an attempt to corroborate the information from
the project manager, and to obtain greater depth of information about
the management system in the particular field installation. Interviews
with field installation officials treated their viewpoints about project
management and its relationship within the installation and between
the field installation and Headquarters. Attention also was given to
how project managers thought they were judged, what criteria they
thought were used by their superiors in evaluating them, and what
they anticipated as future assignments at the conclusion of their projects.
Senior officials were asked to specify the criteria upon which project
managers were judged, to name the two or three they considered most
successful, and then to explain the basis for their selections.
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A four-page questionnaire was left with each project (and program)
manager. The questionnaire solicited forced-choice selections on project
management functions, project management skills, and personal char-
acteristics of project managers; a series of four hypothetical situations
was designed to elicit their role orientations. The questionnaire supple-
mented the data collected in the interviews and provided the basis for
qualitative evaluation of differences from one ficld installation to an-
other with respect to critical elements of project management. It was
made clear to the respondent that the purpose of the questionnaire was
to obtain his pcrspectives about functions, skills, and characteristics,
and that this was not an attempt at self-rating.

The NASA documents reviewed included NASA management instruc-
tions, field installation management instructions, and program and
project documents. Sample selections from various management, in-
formation, and control systems used for NASA projects were examined,
as well.

The combination of formal document review, questionnaire data
from the program and project managers, and interviews soliciting simi-
lar information from program and project managers, staff members and
senior Headquarters and field installation officials provided a breadth
of data from which to analyze NASA project management.



PART I. THE SYSTEM:

Project and Program Management






1. The NASA Concept of Project Management

IN SIMPLEST TERMS, a project is a specific, time-constrained task, the
performance of which cuts across the traditional lines of structure and
authority within a given organization. It consists of three principal
elements, the sum of which tends to distinguish it from more traditional
management structures. These are: (1) the project manager, who is the
single point of management responsibility for the conduct of the task;
(2) centralized planning and control, which are exerted by the project
manager and his organization: and (3) decentralized project cxecutive
—ie, much of the work js performed outside the project manager’s
organization in other clements of his company or agency or by contrac-
tors, many of whom may be outside the direct administrative authority
of the project manager, but who take direction on project matters from
the project manager.! This contrasts with more traditional management
structures which are organized for some continuous, on-going process
or purpose, rarely with a clear point of termination assigned at initia-
tion.

Project management can be classified broadly, in terms of the au-
thority and responsibility of the project manager, into four types:

L. Projected Organization.—The head is characteristically called a
project manager; his purpose is to achieve the ultimate in unity of
command; he has full authority and responsibility, with all cmployees
reporting to him directly within his own organization.

2. Matrix Organization—Here the head is also termed project man-
ager and his purpose is to achieve unity of direction; he performs the
full range of management functions, but those he directs usually are
located administratively in other departments according to their func-
tional specialtics.

3. Coordinator.—The head may be called a project manager or a
project coordinator; his purpose is to achieve unity of control: he has
independent authority for the project, and controls the disbursement of
funds from the budget; he does not actively direct the work of others.

4. Expediter—The head may have virtually any title, including
project expediter; his purpose is to achieve unity of communications;
he is the center of communications, deals with those involved, monitors

3



4 PROJECT MANAGEMENT IN NASA

schedules and supplies information to top management he has no
power to direct people other than by persuasion or reporting back to
his own superior.

Each ol these types ol project management can Le found in NASA.
Most NASA projects follow cither the matrix or In*nj(‘(:til,ul type of
organizition. Under ¢ matrix organization, cmployees may be assigned
temporarily to a project, but they remain on the rolls of their parent
organization and are under that organization’s jurisdiction for merit
reviews, promotions and similar [ormal supervisory action, They may
be physically lacated within their parent organization vather than in the
project location. The matrix organization has the advantages of more
efficient use of specialized talent, flexibility in appliing that talent to
the most urgent problems, and w broader perspective for supervising
and evaluating technical personnel. Because the project manager lacks
direct, formal control over miany of the team members, managers tend
1o consider the matrix less responsive than projectized organization.
The matrix does suffer from problems associated with dual allegiance
and a formally unsystematic or cumbersome authority structure. This
type of project orgatization usually is 1)1’(‘[(‘1'1‘(?(1 by the senior manage-
ment of agencies or companices where several major projects are under-
way at the same time.* The matrix is the prelerred project organization
in NASA.

In its purest lorm, a projcctizcd organization gives the project man-
ager direct control and full authority over all of the people assigned
to the project, This form tends to be favored Dy nanagers of large
projects. It permits ease of control, clear location ol 1(‘5})(msibilily, quick
reaction from the project team, and a simple patian ol communications.
It is less {lexible and not so economical in utilizing personnel as is the
matrix organization, because it may prove diflealt mgani/utionally to
transfer a specialist 1o the project for only that period of time when he
is most needed. Projectization also tends to isolate the project group
from the rest of the installation, reducing technical interchange and,
possihly. technical innovation.

The NASA concept of project management i~ based upon a philosophy
of integrating the technical and manageriad competence ol industry,
NASA laboratories, and university scientists within v systen that could
best be called one of purli(ipzlti\'c responsibility. Most NASA flight
projects are of such scope that they constitute national projects, and this
requires that national competence, irnespective ol its location, be ap-
plied.

NASA senior leadership recognized the need to improve upon the
prevailing style ol project management most tvpically found in major
engineering development  programs throughout the 1950s. That ap-
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proach was characterized as writing specifications for the development
program, letting the contract, and depending largely upon the contrac-
tors for the resulting product. The weakness in this system was that it
did not provide for satisfactory, positive intervention by the customer
(here, the government agency) in the solution of and decision on the
technical problems which inevitably arise in a development program.
Too often government project managers lacked the supporting organiza-
tional system and in-house technical Support necessary to manage con-
tractors most effectively,

The NASA project Mmanagement concept is that no single company,
regardless of its excellence, has all of the skills and experience required
for the execution of a large space flight project. Therefore, although
it relies predominantly upon the aerospace industry to build, integrate,
and test flight hardware, NASA uses its in-house management and
technical competence—which it has in considerable breadth and depth
—to monitor closely, and to work with, the contractor. NASA retains
the authority and the means for tapping a much wider variety of tech-
nical competence to overcome problems confronting a contractor on a
project.

For example, NASA can bring in experts from its field installations,
from universities, or from other government laboratories easily and
without the contractor having to “lose face” institutionally in tackling
an intractable problem. The concept is to manage the project on a team-
work basis in order to avoid unnecessary delays that might be occasioned
by working across organizational boundaries separating public, private,
and semi-private organizations. The same practice applies to NASA’s
field installations and project groups—organizational boundaries are
not«o jaterfere with the application of needed talent.

This concept, requiring teamwork and central control but decentral-
ized project execution, respects the semi-autonomous status of the
NASA field installations which are the locus of most of NASA’s tech-
nical talent in depth. It requires a different organizational construct
from that of previous project management.

As former NASA Administrator James E. Webb characterized it, the
System must assure that the project manager have specific instructions,
understand what he is to accomplish, and have support for those re-
sources essential for success. But the senior management at the field
installation (where the project is located) and in NASA Headquarters,
while providing intelligent support to and understanding of the prob-
lems of the project manager, can not accept blindly the project man-
ager's requests,

Thus was built a system which, it was hoped, would enable all re-
sponsible officials to follow progress, contribute their know-how when
needed, and provide the essential support to the project manager—yet
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balance that support against the requirements of broader institutional
and program gouls of NASA. A dual system of project control evolved.
Responsibility for looking alter NASA Headquarters' broad interests
was vested in a program manager, while the rcspun:«ihilily for the actual
conduct and execution of the project was vested in a project manager
typically located at one of the major NASA field installations and
subject to the general supervision of the installation director.

NASA ORGANIZATION

When NASA opened its doors as an operating agency in October
1958, it consisted almost entirely of the National Advisory Committee
on Aeronautics (NACA) organization which it absorbed. The technical
leadership and the operational style of NACA subtly influenced the
newly created NASA. NACA had a 43-year history of technical leader-
ship in aeronautics and a reputation for working intimately and effec-
tively with other aeronautical research organizations in universities,
industry, and the military departments. NASA pursued fundamental
as well as applicd engineering research, but it was not isolated from
either contact with, or appreciation of, operational problems confront-
ing user organizations such as the airlines, the aircratt industry, and the
military air services.

The NACA organization featured three major acronautical labora-
tories—Langley, Ames, and Lewis—and a small Washington-based head-
quarters which exercised a minimum of control or direction over the
laboratories. In NACA, technical initiative and depth of technical
competence were located in the laboratories. Under NASA, greater
strength and authority had to be placed in Headquarters to provide the
direction and control necessitated by the expectations of Congress and
the public. During its early years, NASA Headquarters drew heavily
upon the former NACA laboratories to staff its growing programs.

NASA’s approach to project management was influenced in two
important respects by its NACA heritage. First, there was a determina-
tion to continue the partnership style of operation, whereby NASA
and industry worked closely together on technical problems, in contrast
to the more typical government-industry arms-length relation of cus-
tomer and vendor. Second, most of the technical initiative and detailed
technical decision making was left to the field installations.

From its beginning NASA has been organized by: (1) top manage-
ment (the Administrator and his immediate office), (2) functional
support for top management and the agency in general, (3) program
offices (developing and controlling the major program activities), and
(4) the field installations (largely responsible for the day-to-day conduct
or management of the programs and their components—whether in-
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8 PROJECT MANAGEMENT IN NASA

house, at universities, or at contractors) . The 1970 organization is, in
most respects, the same (fig. 1).

The Office of Organization and Management, the Associate Ad-
ministrator, and the Associate Deputy Administrator and their organi-
zations directly support the Administrator and his Deputy in their
executive responsibilities and NASA generally, in functions ranging
from planning, through contracting and budgeting, to legislative or
international affairs. These activities are considered “functional” sup-
port.

The Offices of Manned Space Flight, Space Science and Applications,
Tracking and Data Acquisition, and Advanced Research and Tech-
nology were responsible for the development, justification, and manage-
ment of NASA's programs in each of these areas. These activities are
considered “‘program” or substantive activities. During most of NASA’s
life the field installations have reported to the Associate Administrator
for one of three program areas—Manned Space Flight, Space Science
and Applications, or Advanced Research and Technology.* The assign-
ment of particular field installations for purposes of “institutional
management” (i.e., broad supervision of the total health and activity
of the field installation) tended to match technical program areas of
the Headquarters program offices with those of the field installations
assigned to them. These assignments have not changed fundamentally
since NASA’s creation.

Although each field installation reports to a particular Headquarters
office for general institutional management, all carry out projects or
research tasks under the direction of other than their parent office.
For example, Ames, Langley, Lewis, and Flight Research Centers,
though reporting to OART, have made substantial contributions to
projects of the Office of Manned Space Flight.

All the former NACA laboratories, except Wallops Station which
was an outgrowth of Langley, have continued to report to the Office of
Advanced Rescarch and Technology (OART). The Office of Space
Science and Applications (OSSA) has responsibility for Wallops Sta-
tion, Goddard Space Flight Center, and Jet Propulsion Laboratory.
Goddard was NASA's first newly created field installation; it drew a
large part of its original complement from the Project Vanguard team,
and associated activities were transferred from the Naval Research
Laboratory. NASA acquired Jet Propulsion Laboratory from the De-
partment of the Army, which had developed it as a contractor-operated

facility at the California Institute of Technology.

*These program areas were not always so organized, and for a short period, the
ficld installations reported directly to the principal Associate Administrator. See
Robert L. Rosholt, An Administrative History of NASA, 1958-1963 (Washington,
D.C., 1966), NASA SP-4101.
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That OART largely carried over the NACA mission, principal labora-
tories, and headquarters group into NASA continues to influence the
organization and practice of project management in OART and its
ficld installations, in contrast to OSSA and its field installations.t

LEach major area of NASA's activity—mannedl space {light, space sci-
ence and applications, and advanced research and technology, supports
broad NASA goals. The organizations responsible for these activities
have a continuing obligation to develop capability and to carry out
rescarch, development, and operations within their respective assign-
ments. Projects constitute an Important part of these activities and
tend to be separately identified, though cach one contributes to broader
programs and institutional goals. Therelore, project organization cuts
across and supplements the more permanent organized activity in
NASA.

THE PROGRAM AND PROJECT MANAGER ROLES

In NASA terminology, a program is a related series of undertakings
which continues over a period of lime——normal]y years—and which
is designed to accomplish a broad scientific or technical goal in NASA’s
long-range plan, such as Lunar and Planctary Exploration. Program
responsibility is assigned to the appropriate program office, such as
OART or OSSA, within NASA Headquarters.

A project is an undertaking with a scheduled beginning and ending,
within a program. It normally involves the construction and operation
ol onc or more acronautical or space vehicles, and necessary ground
support in order to accomplish a scientific or technical objective; or
the design, development and demonstration of major advanced hard-
ware items; or the design, construction and operation of a new launch
vehicle.®

NASA has identified the program managers role vis-a-vis the project
manager’s role as follows:

A program manager is the senior NASA stafl official who serves as
the focal point of all NASA Headquarters activity bearing directly upon
those projects and other activities which his program comprises. He is
responsible for developing and administering the Headquarters guide-
lines and controls under which those projects are conducted, including
keeping the basic organizational capabilities healthy.® He is not to push
his projects at the expense of NASA's broader goals. On large space
flight projects, the program manager frequently has cognizance over
only one project, such as Nimbus, the Applications Technology Satellite,
or Surveyor.

A project manager is the senior official at the NASA field installation
exclusively responsible for the execution of a project within guidelines
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and controls prescribed by NASA Headquarters and his field instal-
lation’s management. The project munager is the local point of all field
installation activity bearing directly on his project. He carries out these
responsibilities within his delegated authority in the name of the field
installation director.”

In essence, the project manager can be characterized as “Mr. Inside,”
responsible for the day-to-day supervision and the cxecution of the
project as carried out by industrial contractors, NASA and other gov-
ernment laboratories, and university experimentens. The program man-
ager is “Mr. Outside,” fighting the battles ol resowrce allocation within
NASA Headquarters; preparing testimony and justification {or Presi-
dential and congressional authorization; working with other government
and non-government organizations interested in or participating in the
project; and monitoring the project exccution, to relate it to NASA as
a whole, and to control significant variations from the Headquarters’
approved Project Plan. Each has a critical and specilic role to perform.
The roles are sometimes conflicting, but, in the positive sense, they are
mutually supporting and, when performed correctly, constitute a critical
axis of relationships.

THE FORMAL PROJECT REVIEW AND APPROVAL SYSTEM

The Project Approval Document (PAD) constitutes the principal
element in the agency-wide review and approval svstem. No project has
operational status until the Administrator has put his signature on the
PAD. It contains a broad description of the project, what it is to
accomplish, specific technical goals, how it fits into NASA's program in
general, how it will be organized and managed, hedule and principal
milestones tor measuring progress, the estimated budget for its entire
life cycle, and facilities and personnel required. ‘The PAD is the re-
sponsibility of the program office concerned {c.g.. OSSA or OART), but
the planning. data collecting, and development of the PAD usually are
the result of a joint venture between the Headguarters division having
substantive cognizance (e.g., OSSA’s Physics and Astronomy Division)
and the field installation which has been conducting preliminary studies
and to which it is proposed to assign the project (c.g., Goddard Space
Flight Center) . The PAD receives a thorough technical and management
review by both program and functional offices in NASA Headquarters.
After approval by the Administrator, it constitutes a “contract” between
NASA executive management and the initiating program office {(e.g.,
OSSA) on the technical objectives, schedule, finandal resources, and
management plan of the project.

The Project Plan is a much more detailed version of the PAD. It
is prepared by the field installation (usually the project manager and
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his staff) assigned the project for approval by the Associate Admin-
istrator (e.g., OSSA). A draft Project Plan usually is the basis for
writing the PAD. The Project Plan is reviewed carefully within the
field installation responsible for the project, as it is in the Headquarters
program office to which it is directed. Project Plans receive close atten-
tion from line managers and functional organizations in the field
installition and NASA Headquarters. Upon approval by the Associate
Administrator the Project Plan constitutes the “contract” between
NASA Headquarters  (e.g, OSSA) and the field installation (e.g.,
Goddard) for the project.

During the course of a project its progress 1s monitored closely by
various levels at both the field installation and NASA Headquanrters;
the PAD and the Project Plan are used as bases for assessment. When-
ever some problem necessitates a change in either the PAD or the
Project Plan, that change must be reviewed and approved by the same
process used in establishing the project.

At critical points during the life of a project, detailed technical
reviews are conducted to expose any problems or potential malfunc-
tions before committing the project to the next step. These reviews
draw on the principal managers directly involved in the project from
Headquarters (the program manager) ; the field installation (the project
manager and his principal assistants) ; the contractor (his project man-
ager and assistants) ; and technical specialists in testing, reliability,
quality control, electronics, mechanics, thermal systems, propulsion
systems, and communications from outside the project organization;
or other specialists pertinent to the particular project and its stage of
development at the time of the review. Here the Project Plan, test
results, and experimental data will be the principal points of reference.
Where problems are revealed, it becomes the project manager’s re-
sponsibility to demonstrate to his field installation management and
the program manager that the problems are being solved eftectively.
Each person involved in these reviews represcnts a particular technical
or managerial competence and perspective. None can satisly his interests
fully; each must compromise. A great deal of energy and skill are re-
quired to solve problems arising in these reviews so that there is only
necessary compromise, and the interests ot each specialist are served as
much as possible,

VARIATIONS IN NASA PROGRAM AND PROJECT MANAGEMENT

No two projects in NASA are identical in organization or manage-
ment. This study took as its model, if only for a convenient point of
reference, the space flight project as found in OSSA. The following
chapter uses a hypothetical flight project to describe the project system
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more graphically. Most of the organizational and managerial differences
from onc project to another can be attributed to one of or a combina-
tion of these four variables:

1. The Headquarters program office to which it is assigned—for ex-
ample, OSSA places technical and managerial responsibility in the
program manager, while this varies in OART.

2. The field installation to which the project is assigned—the man-
agement environment differs from one installation to another.

3. The type of project (space flight, acronautics, ground-based ex-
periment, or other) _there is even substantial difference in satellites
and launch vehicles among space flight projects.

4. How the work is accomplished—it could be totally under contract,
totally within a NASA laboratory, or some combination of the two.

The concept of project management is certainly not new with NASA.
Project management Is probably as old as mujor public construction
projects like the erection of the pyramids by the Great Pharaohs of
Egypt. NASA, however, has developed some features unique to its type
of project management.

First, NASA consciously structured the broad concept of project man-
agement into its general management organization. NASA’s manage-
ment systems are virtually identical to the structure and control systems
for projects.

Second, NASA management has recognized structurally within the
project management system the differing roles of the central agency
(NASA Headquarters) and those where the responsibility for daily
operations is vested (the NASA field installations) .

Third, NASA endecavored to develop a system which facilitated the
timely and successful attack on technical problems by any available
competence irrespective of whether that competence was located in a
parti(ul;lr ficld installation, contractor organization, or university.

The result could be described as an accommodation of technical
innovation, decentralized project decision making, and adequate project
control within the context of general agency goals and responsibilities.
The essence has been a kind of ethos of project management which has
permeated  the organization from the Office of the Administrator
through the ficld organizations.



2. Project "Cosmic""—The Evolution

of a NASA Space Flight Project

Tue NASA systin for organizing and managing projects varies from
project to project, though there are common clements in all. Project
“Cosmic” is a hypothetical example ol a large space flight project in
OSSA. It is typical because it represents the kind of scientific space flight
project undertaken in OSSA. Cosmic serves here as a model of how the
management  system - generally  operates—{rom project  conception
through the first flight—on those major projects which are subject to
the Project Approval Document process.

The project passes through stepped phases, involving conceptualiza-
tion, study, preliminary design, engincering design, and development—-
each with increasing detail and broader review, to tap the best available
talents and to avoid both technical and managerial errvors. The process
also is designed to keep projects aligned with NASA goals, within
available resources, and to preclude unnecessary or unwitting premature
commitment to particular courses of action.

Assume that one of NASA’s long-range goals in its Lunar and Plane-
tary Program (located in O$SA) is the collection and analysis of
geophysical and other measurements of the major planets in our solar
system. A number of Goddard Space Flight Center scientists recently
have completed some theoretical studies about the planet Mercury.
They are interested in pursuing further analyses on how geophysical
measurements of Mercury might be taken. These scientists have been
in touch with scientific stafl members of the Lunar and Planetary
Programs Office of OSSA.

THE INITIAL STEPS

Recognizing that there is indigenous interest at Goddard for pur-
suing these analyses, and having discussed the question informally with
the Director of Goddard, the Director for Lunar and Planetary Pro-
grams asks the Director of Goddard to undertake a preliminary analysis
(Phase A) of how NASA might, through a space flight project, send
cither a probe or an orbiting satellite to Mercury to conduct geo-
physical measurements. The Director of Goddard appoints a study

13
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director and, with him, assigns eight other scientists and engineers to
the study team, including the two scientists who completed the earlier
theoretical work. At the time of selecting the study director, the Di-
rector of Goddard has in mind an individual who will welcome the
technical challenge of leading such a study team and who can head
a fullblown project, if the early analyses prove favorable. In this case,
the man selected to head the study team is spacecralt manager of a
geophysical observatory satellite project which is being completed.

At about the same time, the Director for Lunar and Planetary
Programs in OSSA assigns a member of his staff for liaison with the
Goddard study group. He discusses his selection with the Director of
Goddard in an attempt to avoid an undue clash of personalities and to
assure as smooth a working relationship as possible. 1f the preliminary
analysis is favorable, this liaison officer may become the program man-
ager.

The purpose of Phase A (four defined phases in Phased Project Plan-
ning) is to look at alternate overall project approaches or concepts for
accomplishing a NASA technical objective It is aimed at identifying
those project approaches which are worthy of further refinement, as
well as defining such project elements as facilities, operational and
logistic support, needed advanced research or technology development
—generally determining whether or not the mission is feasible and
worthy of further definition. Phase A preliminary analyses are nearly
always conducted in NASA field installations by NASA personnel, with
some occasional, supplementary contract help if necessary.

THE START OF A PROJECT

The preliminary analysis proves favorable. The Goddard manage-
ment approves the study team recommendation for a project proposal
to establish a project formally and proceed to Phase B. Phase B is the
definition stage, which involves detailed study, comparative analysis,
and preliminary systems design.

The study team leader works informally with the OSSA liaison officer
in the development of the project proposal and of the PAD. The liaison
officer completes the drafting of the PAD and supervises coordination
of it with other program divisions in OSSA; with other Headquarters
operating offices, such as OART and the Office of Tracking and Data
Acquisition (OTDA); and with Headquarters functional offices, such
as the Office of Organization and Management. Once the PAD has been
reviewed and approved by the Associate Administrator for Space Science
and Applications, it goes to the Associate Administrator for Organiza-
tion and Management, whose office ensures that all necessary coordina-
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tion and approvals have been completed. It is then submitted to the
NASA Administrator for his decision.

Upon approval, the PAD is the written authorization to begin the
new project Cosmic. It outlines the resources assigned to the project;
specifies the field installation, Goddard (usually, as in this case, the
installation specified is the one where the preliminary analysis was
accomplished) ; and defines the number of spacecraft, type of launch
vehicle, and plan for the allocation of funds and manpower. It also
specifies the particular constraints within which the program ofhice has
Lo operate. This PAD is for the Phase B effort only; it will be reviewed
annually in conjunction with the NASA operating budget, related
closely to the budget cycle. In essence, the PAD is the contract between
the Associate Administrator for OSSA and the Administrator of NASA.

Upon this formal authorization, a Cosmic program manager is named
within the Lunar and Planetary Programs Office, and a Cosmic project
manager is designated by the Director of Goddard. The project manager
assembles the skeleton of a project team from operating divisions and
other projects, and the project team proceeds to develop the necessary
specifications for study contracts which will provide data for the NASA
in-house analysis to determine whether or not to proceed further with
the project. The Phase B analysis includes estimated schedules and
resources through total project completion. The project team works
closely with those representing major project functions such as tracking
and data acquisition, launch vehicle, reliability and quality assurance,
and launch operations. Even at this early stage, it is important to
develop a wide network of informal and formal relationships to provide
the necessary planning lead-time for equipment manufacture or modifi-
cation (including facilities), ground testing of major components or
systems, and launch operations. (At the completion of Phase B, usually
less than ten percent of the total project costs have been incurred.)

The Phase B definition efforts result in a Project Plan for Cosmic.
It is a detailed plan for implementing the project, outlining the tech-
nical specifications, manpower, funds, the management plan, schedules,
milestone charts, tracking and data requirements, and launch operations
needed to meet the project objectives. The project manager directs the
group preparing the Project Plan, with advice and assistance from the
program manager.

Upon approval by the Director of Goddard and the Associate Ad-
ministrator for OSSA, this Project Plan becomes the contract between
the program office and the installation for the project. After the issuance
of the Project Plan, the financial resources are made available formally
from the NASA Administrator to the Associate Administrator of OSSA
through the issuance of a NASA Form 506 (Green) with the resource
allocation made by the Associate Administrator to Goddard by NASA
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Form 506 (Whitc) . These documents (the PAD, the Project Plan, and
the 506 Green and White) constitute the principal authorizing and
resource allocation documents in project management.

Now that Cosmic is formally recognized, it is picked up in the formal
information and control system. For example, the project manager
writes a briel Project Manager Report (PMR) lor the Director of
Goddard at least monthly, and then weekly as the project activities
pick up. If he has good rapport with the program manager, he furnishes
a copy of that report to the program manager. This permits the program
manager to be in a position to act quickly and with adequate knowledge
if the project encounters difficulty. For example, the definition study
may have uncovered some unanticipated problem which will require
supporting research and technology tasks not budgeted previously. The
program manager, forewarned, can start the process of obtaining new
funds or reallocating other funds in support of the project.

The project also appears on the Management Information and Con-
trol System (MICS), with monthly reports on financial, schedule, and
technical progress. On the financial and budget side, Cosmic activities
begin to appear in the Project Operating Plan (POP), a financial
review and budget request system which feeds into the NASA operating
budget and the budget cycle on a semi-unnual basis. The POP includes
detailed project items down to the work-unit level, or those having a
cost of $5000 or more. This means that it is possible to wack the progress
on a financial obligation basis at the svstems, subsystems, major com-
ponent and work-unit levels, depending upon the need lor detail.

COSMIC ENTERS THE DESIGN, DEVELOPMENT,
AND OPERATIONS STAGES

By the time the Phase B definition studies have been complcted,
considerable updating and changing must be done in the Project Ap-
proval Document. This requires going back through the PAD review
process and receiving approval for the technical, schedule, managerial,
and resource changes. The PAD which emerges [1om this process may
include authorization only for Phase C (design). or for both Phase C
and Phase D (development and operations) . More contiactor personnel
are now involved in the detailed engineering design. development of
mock-ups and critical components, and the virtual completion of de-
tailed specifications on all the major systems and subsystems of the
Cosmic spacecraft.

During Phase B, OSSA solicited potential experiments and selected,
through competition, those experiments considered most ;1ppropriate
for the three proposed flights of Cosmic. The desien phase includes the
more detailed design and integration studies ot those experiments
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selected for flight. Upon completion of the design and supporting
studies by various contractors, the project teinn-—supplemented by
systems or subsystems experts [rom other parts of Goddard or from
other NASA field insl;ill:llions—pcrlm'ms an analysis and develops a
Request For Proposal (RFP)y, The RIP prescribes the performance
specifications [or contractor proposals to undertuke final hardware
design and development, Labrication, test, and project operations.

Throughout this period the project manager has one principal staft
member who facilitates coordination between the project and the
experimenters (including those in university laboratories) . A second,
the Taunch vehicle manager, js responsible for lizison and exchange of
information with the launch vehicle project manager on the modifica-
tion of the launch vehicle (an ;\tlas—(jcnuun') to meet the proposed
three flights. In this case, the launch vehicle project manager is at the
Lewis Rescarch Center, requiring inter-installation linison. An Un-
manned Launch Operiations representative from Cape Kennedy partici-
pates in planning and discussions on modifications in the launch
equipment, the kinds of resources to be provided for spacecraft prepara-
tion and Ltesting at the Cape, and unusual launch, tac king, and safety
requirements. Another project team member works with the Jet Pro-
pulsion Laboratory’s Deep Space Network, which handles the tracking
and data acquisition on deep space probes, Again, inter-installation
liaison is called for, involving the preparation of requirements docu-
ments and negotiating modfications based on technical, ﬁnanciznl', and
management considerations.

As the spacecraft fabrication proceeds, the project manager and team
members spend a great deal of time in design and test reviews, visits
to contractor plants, and conferences dealing with problems uncovered
by quality assurance checking, component testing, and systems integra-
tion. Meanwhile, the program manager keeps daily tabs on the general
progress of the project. He develops statements and other backup
material for cach annual budget cycle; he keeps the project “sold”
within NASA, to the Office of Management and Budget, and, ultimately,
to the congressional authorizing and appropriating committees.

Over the course of the project, up to the first launch, both the pro-
gram and project managers participate in a variety of scheduled formal
reviews designed to avoid major mistakes by catching errors at critical
points in the life of a project. The usual series of reviews is as follows:

1. Conceptual Design Review occurs at the end of the study phase
to cvaluate the preliminary design and the design approach.

2. Detailed Design Review occurs alter the design is frozen and before
assembly; its emphasis is on the design approaches and plans for systems
and prototype testing.
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3. Flight Qualification Review occurs after the qualification testing of
the prototype spacecralt to determine the (lu:lliii(;ui(m status of the
hardware and to evaluate the flight acceptance test plans.

4. Flight Readiness Review oceurs before the spacecralt is shipped
to the range; it emphasizes performance of the spaceaadt during ac
ceptance testing.

5. Flight Operations Review occurs when the Hight operations plan is
ready; it evaluates the plan lor orbital operations and the interface
between the spacearadt and gmund-w1)1)01‘{ cquipment,

Numerous other reviews may be held for particular subsystems or
functions. For example, several reviews are conducted to determine the
state of readiness of the communnications networks, ground stations, and
the supporting personnel and equipment. ‘T'he ficld installation group
responsible for systems reliability (reliability and uality assurance)
sponsors  serics of [ormal design reviews to asswie the cffectiveness
of the overall program of design, testing, rehiability, and quality assur-
ance activities, There also may be reviews that focus upon financial,
contricting, or other administrative issues.

Finally, the project manager comes to the first Jaunch of the Cosmic
spacecraft. The NASA project manager, unlike his industrial counter-
part, carries the management responsibility for all aspucts of his project
from its planning through the fabrication and integration of the space-
craft and its cxperiments, to the successful launch into the desired
orbit, the subsequent ;u‘quisition of data from the experiments and
ultimate disposition or use of that data. No industrial project manager
working on a NASA project has such broad responsibility.

Gathered at the launch are: (1) the NASA launch team, consisting
of the Unmanned Launch Operations Group. Kennedy Space Center;
(2) the NASA project manager and members of his staff, who have
responsibility for this specific mission, and who wish to see the success-
ful orbiting of their spacecralt; (3) the NASA program manager, repre-
senting NASA Headquarters’ interests in the mission; (4) the Launch
Vehicle Manager, who is the NASA project manager for the particular
rocket being used to boost the spacecraft into orbit; (3) the principal
investigators, whose experiments are being Hiown on this mission; (6)
the prime contractor and associate contractors who fabricated the space-
craft and the experiments; (7) the prime contractor and associate con-
tractors who built the launch vehicle; and (8) representatives of the
Air Force, which operates and controls the two principal long distance
rocket ranges (Eastern Test Range at Cape Kennedy, Florida, and
Western Test Range at Vandenberg Air Force Base, California) .

Both the launch vehicle and the spacecraft are inspected and tested
by contractor and supervising NASA launch personnel. The spacecraft
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is “mated” atop the launch vehicle and final tests run. As the count-
down proceeds over i period of two to four days, any of the principals
{the Launch Operations Director from the Unmanned Launch Opera-
tions Group, the Launch Vehicle Manager who is responsible for the
rocket, and the Spacecralt Project Munager) can hold the countdown
in order to check or recheck any anomaly which has not been satisfuc-
torily explained or corrected. In the last few moments before launch,
however, only the project manager has the authority to make the final
irrevocable decision to go. With that decision may rest the success or
the failure of the mission.

The point of ignition and liftoff of the launch vehicle is truly an
emotional experience, as is the nerve-racking interval between the time
the Taunch vehicle disappears down range and the time when the space-
cralt is injected into orbit or satislactorily placed on the first leg of its
journey to another planet. All unusual events are recorded and analyzed
and a follow-up review is carcfully conducted so that problems or fail-
ures will not be repeated a second time. It is at these points of difficulty
or failure when the vast, complex documentation system proves to be
most useful. It determines exactly what happened, and when, where, and
why it occurred.

When the Cosmic | spacecraft is in its proper orbit, the communica-
tions are working, and the scientific instruments are returning usable
data, the project manager turns his principal attention to the detailed
preparations for the flight of Cosmic 1l—now in the early fabrication
stage. Yet he must also keep an eye on the operation of Cosmic I and
its return of data to the experimenters, as well as those design changes
for Cosmic I1I stimulated by the experience with Cosmic 1.



3. Program Management in the Office of Space
Science and Applications

THE PROGRAM AMANAGER scrves as the focal point lor all OSSA Head-
quarters activity bearing directly on the project or projects his program
comprises. He serves a variety of roles. He s the projects’s surrogate in
NASA Headquarters, responsible for representing the project in the
processes of decision making and resource allocition, and protecting
the best interests of the project. In this same role the program manager
is responsible tor preparing testinony, supporting documentation, and
similar material tor such decision points inside and outside NASA as
the Associate Administrator of 088\, the Office of Organization and
Management, the NASA Administrator, the Exceoutive Office ol the
President, and Congress. The program numager. still in this vole, serves
as a timely source of information and advice about congressional or
top Mmartgenent actions on the project’s prospects, and about how
pressure might be applied by the Division Dircctor o1 field installation
director with beneficial results.

A second important role of the program manager is thac of the prindi-
pal Headquarters monitor and inspector on that project for top NASA
management. In this role, the program manager keeps in daily touch
with the progress of the project, including financial status; he critically
reviews requests from the project manager, via the field installation
director, for changes in schedule, funding, project objectives, spacecaraft
or vehicle performance, and other technical or managerial standards
which are controlled by NASA Heuadquarters. Here the program man-
ager carefully reviews the request, based upon his intimate contact
with the project, and proposes recommendations for action to his Di-
vision Director and the Associate Administrator for decision and action.
Once the decision has been made, it becomes the program manager’s
responsibility to do the staff work necessary for exceution of the de-
cision.

In responding to the demands of these sometines tontradictory roles,
the program manager is expected to maintain his perspective—neither
to become a captive of the project, ignoring broader NASA goals, nor
to try to run the project from Headquarters. In none of this activity

20
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docs the program manager have the independent organizational au-
thority to decide an issue requiring NASA Headquarters decision, or
to give formal directions to the fickd installation director or the project
manager. Each instance of formal delegation or direction from Head-
quarters requires the signature of his Division Director (c.g., the Direc-
tor for Lunar and Planetary Programs) or that of the Associate Ad-
ministrator. In the formal sense, the program manager fills a stalf
rather tum a line function. Iis dual roles of project representative
in Headquarters and Headquarters project monitor can best be fulfilled
il he sees himself as a Headquarters member of the project team who
comsistently seeks the best interests of the project, while understanding
and apprediating broader NASA objectives.

THE OSSA PROGRAM MANAGEMENT STRUCTURE, 1971

NASA's OSSA is headed by an Associate Administrator, supported by
a Principal Deputy and Deputy Associate Administrators for Science and
for Applications. The organization consists of six “line” or program-
matic divisions (Launch Vehide and Propulsion Programs, Planctary
Programs, Physics and ;\slr(momy Programs, Farth Observations Pro-
egrams, Communications Programs, and Apollo Lunar Explomlion) , an
Advanced Programs Group, and a Program Review and Resources
Management Group responsible for financial analysis, program report-
ing and control services, and administrative support. Figure 2 shows the
Imanagement structure of OSSA in 1971; it does not show Headquarters
institutional management responsibility for Goddard Space Flight Cen-
ter, Jet Propulsion Laboratory, and Wallops  Station. The Apollo
Lunar Exploration Division reports jointly o the Office of Space
Science and Applications and to the Office of Manned Space Flight. A
Space Science and Applications Steering Committee, chaired by the
Deputy Associate Administrator for Science, acts as a screening and
recommending body in the selection of experiments to be flown aboard
OSSA light projects.

Each of the OSSA program divisions contains flight programs related
to a common objective. The division is responsible for an integrated
program of {light projects, rescarch, and other activities related to the
program area. In addition to the program manager, the division con-
tains the scientific discipline groups primarily serving the division’s
programs, an advanced programs and technology group, and a small
program review and resources Imanagement group.

The Associate Administrator {or Space Science and Applications is
the Headquarters manager responsible for three of NASA's field in-
stallations: the Jet Propulsion Laboratory, Goddard Space Flight Cen-
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Ficure 2—Management structure of the Office of Space Science and Applications, 1971.

ter, and Wallops Station. The Director of each of these is responsible
to the Associate Administrator.

In a program and project management structure typical of OSSA (See
fig. 3.), the formal line of authority flows from OSSA to the installation
director (here Goddard Space Flight Center), to the Assistant Director
for Projects, to the project manager (here the Applications Technology
Satellite (ATS) project manager), to the ATS systems managers, and to
the Principal Contractor. In a legal sense, the authority relationship
with the contractor is from the Goddard Space Flight Center contract
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FIcure 3.—A typical OSSA program and project management structure, taken from
the Applications Technology  Satellite  (ATS) program. (Modified from OSSA
Program Review Document, June 22, 1967, p. 23)
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officer to the corporation holding the contract {m ATS and thence to
the contractor's own project office.

In actual practice, the Associate Administrator delegates to the op-
erating divisions within 0SSA the authority to act {for him on pro-
grams falling within their jurisdiction. In the figure 3 example, the
Director of Communications Programs has directive authority over
Goddard Space Ilight Center (signing for the Associate Administrator)
on those matters affecting the A'TS program. The A'TS program man-
ager acts as the principal stall man and assistant to the Director of
Commumications Programs in carrying out these responsibilities (and
will commonly exercise a substantial, if not determining, influence on
the Director's decisions) . Normally, the progrum mimager works in-
formally ou a daily basis directly with his counterpmt at the Goddard
Space Flight Center, the ATS project manager. The progriun manager
receives support and assistance from his program scientist (not neces-
sarily in his program office), who is skilled in the discpline related to
the principal scientific mission ol his project. 'The program scientist
assists in liaison with experimenters wnd moritors progress toward the
scientific goals of the project.

REPORTING AND CONTROL IN OSSA

Figure 4 graphically characterizes the management system governing
delegation, reporting. and commmuniciations i the OSSA program man-
agement system. The lelt arrow (pointing downy illustrates the delega-
tion ol authority and the dissemination of instiuctions from level to
level in the process of progrium exceution. The Administrator delegates
authority to OSSA (the Associate Administraton) vii the formal OSSA
functions and authority statement (NN T135.41) and through the
PAD on specilic projects. Resources are allocated to 0SS\ (the program
management level or Level 1) by NASA Form 506 (Green) . (The
Administrator may reserve for himselt the authority for source sclection
in the case of major flight program procurements.) The PAD acts as the
contract between the Administrator and OSSA for @ particular program.
The PAD outlines program objectives, general e hnical specifications
and operations, management awrangements, and financial and personnel
resources to accomplish the program objectives.

0882 delegates authority to the ficld installation thnough the Project
Plan. which is similar to the PAD but more detuiled technically and
financially, focusing upon project cxecution. The Project Plan con-
stitutes the contract with the field installation, which becomes responsi-
ble for the project. The Project Plan is used, in turn, at the field
installation project management level  (Level 2y as the contructual
instrument with other NASA installations where they act as systems
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confidence in the project manager or field installaton with respect to
willingness or capability to carry out the progiam plan. Finally, the
commercial contract is the instrument for delegating responsibility to
the principal contractors working on the flight project.

The middle arrow (pointing upward) illustrates the formal report-
ing system used in OSSA program management. Contractors report
to the systems managers and project managers the field installation
financially through NASA Form 533, and with 1espect to technical,
managerial, and schedule elements through various Program Evaluation
and Review Technique (PERT) or milestone reporting systems.

The Project Operating Plan is the financial management document
used from the major systems management level up through OSSA to
report funding history and funding requirements ol a project from
inception to complelion. It represents budget requirements, both
commitment and obligation projections, by month fov the current year,
by quarter for the following fiscal year, and by fiscal year for the
succeeding four years.

The principal reporting system in the management of programs is
the Management Information and Control System. This reporting
system summarizes technical, managerial, and finan ial status; problems;
and prospects, compared to the Project Plan bascline. It is put together
at the project manager’s level and submitted by him (using a common
format) as the Project Manager's Report to the installation director
where it is reviewed, perhaps modified, and sent o OSSA for analysis
and review. The MICS is more than just an information system hecause
it carries with it recommendations and requests lor the project manager
to each succeeding level for the authority to take those steps considered
necessary in the pursuit of the project for which the requesting level
lacks the necded authority or resources.

In addition to the formal written system of reporting, there is an
extensive series of formal management meetings. For example, weekly
management mectings are held at all levels from that of the Administra-
tor (Level 0) down to the project management or to the systems manage-
ment levels. Such meetings in NASA Headquinters frequently use the
MICS format as the basis for reviewing program status, Once cach
month 08SA conducts a full day ol project status reviews: this 1s
followed by a similar though shorter meeting at the Administrator’s
level. Program managers represent OSSA at project quarterly progress
revicws, project design reviews, and other ctitical project meetings.

Formal reporting also takes the form of correspondence and memo-
randa {from the contractor to the project manager, {from the project
manager to the installation director, from the installation director to
the program divector or Agsociate Administrator for OSSA. The in-
tormal system ol reporting varies Irom project o project; it is the
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principal means for (he quick pissing of data, problems, and sugges-
tions back and forth between the program and project management
levels. Here the chief means is the telephone conversation, followed
closely by informal Lice-to-face mectings and visits,

Although the POP and the MICS [requently serve as the principal
reference points in reporting and communicating between the program
and project levels, most inlormation is passed outside of the formal
lines of authority. For example, most of the information flowing he-
tween the project manager and the program manager flows directly
rather than through the formal chain of command. A program manager
frequently has information ahout a project problem before the director
of the field installtation where the project is located. 1t is not unusual
for the project manager, providing he has a close and amiable working
relationship with the program manager, to send the program manager
copies ol the project manager’s weekly report at the same time it goes
forward within his own organization. Thiy gives the Headquarters
program manager an opportunity to review the report more thoroughly,
to seck clarification or additional information informally and to be well
prepared to niake a case on bhehall of the project in conjunction with
the project manager. One senior OSSA manager observed that program
and  project managers frequently team up against ficld installation
hanagement or Headquarters top management,

The MICS is also a valuable feedback device; the monthly MICS re-
port not only carries the summary status of the various projects and
their principal problems but, at Level 1, indicates what action was
taken. These reports are sent back to the respective field installation
and project offices where they can serve as documentary confirmation
and a reference point for further action.,



4. Program Management in the Office of
Advanced Research and Technology

OART HISTORICALLY 11AS DEPENDED UPON the NASA ficld installations
for much ol the initiative in proposing new starts o1 changed directions.
This munagement approach grew out of the style ol operation common
to NACGA, whose laboratories became the OAR'T iustalladons. Upon
the creation of NASA and the subsequent change in cemphasis from
aeronautics to space, OART becune the principad Headquarters or-
ganization identified with continuing most of the NACA work.

The majority of OART activities are devoted to relatively low-cost
tasks compared to the space flight projects of OsS.A OART has cog-
mizance over some 4000 research and technology tasks, most ol which
are conducted in the laboratories and facilities ol NASA field installa-
tions. Only rrely do experiments or investigations grow to the size
where project-lype management proves uselul, This does occur: (1)
when an activity is carried to the proof-ol-coneept stage and a major
system or {light vehicle is built in full scale o test it (2) where
ground-bascd experiments are inadequate and they st be flown on a
spacecralt to accomplish their purpose; or (3) where, in the field of
aeronautics, flight tests are essential to achieve the purpose of the
investigations. In such instances, the complexitnn and costs of the re-
search effort substantially expand, and OAR'T may institute a form
of project-type management.

OART ORGANIZATION, 1970

Undl October 26, 1970, OART was organized mto seven program
divisions. a Programs and Resources Division. @ Mission Analysis Di-
vision, a Specdial Programs Office, and a Space Nuclear Propulsion
Office. (Sce fig. 5: the reorganization and ity pulcmi;tl cffects are dis-
cussed later.)

The sceven program divisions (Bi()t(‘(‘hnol()gy and Human Rescarch,
Electronics and Control, Chemical Pmpulsi()n‘ Space Power and Elec-
tric Propulsion, Space Vehicles, Acronautical Vehicles, and Rescarch)
acted 1)1"in(‘ip;1lly as stall arms to the Associate Adiinistrator for plan-
ning, 1)1‘ogl‘ununing, and monitoring rescardh and techmology  eflorts

28
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within these broad (lisciplinc-oricme(l areas. 1o a formal sense, the
program division directors did not have the authority Lo direct or control
vescarch and technology activities at NASA field installations. In actual
practice, the capadity ol the directors ol the program divisions to in-
fluence or contol these activities at field installations varied sub-
stantially from program office to program olfice and trom field installa-
tion to ficld installation.

The Mision Analysis Division, located at Ames Research Center,
pcrl’m‘mul much like an advanced planning operation and general
evaluation group; it had the rc»ponsil)ilil) for assessing potential re-
search arcas and for coordinating OART cltorts on advanced studies.
The Programs and Resources Division housed the principal general
managenient functions for OART in financialmanagement and or-
guni/ulionul matters, including liadson points o OART pcrsonnel,
contracting, and other ollice-wide functions. The Space Nuclear Pro-
pulsion Oftice was a jointly funded and jointly stafted effort with the
Atomic Energy Commission for the development of nuclear rockets.
‘The Special Programs Oflice had the respousibility lor OART liaison
and support in the area ol defense projects, and also provided i central
program management focus for OART space flicht pojects and space
flight experiments.

TYPES OF PROJECTS IN OART

OART uses the formal title “Program Manager' sparingly. Until the
October 1970 reorganization, there was no close OART counterpart—in
the formal organizational sense—to the typical OSSA program manager.
Instead, several variations developed based upon their organizational
roots and the substantive nature of the respective programs. Large
OART projects can be classified roughly into onc of tour categories:
(1) space flight projects, (2) aeronautics projects induding fiight test,
(3) large eround-hased experiments, and (1) the space shuttle studies.*

Space Flight Projects
The system for handling space flight projects, such as Meteoroid

*No attempt was made (o survey all large (in time or cosl) OART projects. Based
upon discussions with senior OART officials, 16 projects were selected as the basis for
this study. They ave: the AMeteoroid Technology Satellite (MTS), Planctary Entry
Parachute Project (PEPP), Planctary Atmosphere kntry Tests (PAET), the Lifting
Body, YF-12, X-15, B-70, the Orbiting Frog Otolith (OFO), SNAP-8, Brayton Cycle
Engine, SERT-1L, the Quict Engine, Noise Reduction Project. Reentry F, the Space
Shuttle, and the Supereritical Wing, Several large projects have been omitted—
NERVA, the RAM-C, Large Solid Motor Project, and the more recent STOL and
ATET programs. The purpose in this selection was to cover the variety of large
OART programs which might offer important clues about the characteristics of
OAR'T program management to compare with those vf O5SA.
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Technology Satellite (MTS), evolved within the Space Vehicles Di-
vision. "The broad program management tunctions were split. The gen-
eral managerial, financial, and schedule aspects were handled within
a small management oflice, and the technical or scientific mission ob-
jectives were under the cognizance of a Technical Associate or Program
Officer. This bifurcated system ol program management was continued
when the small Ianmagement group within the Space Vehicles Division
became a part of the Special Programs Olfice (SPO) .

The division program chief* (sometimes officially called a Technical
Associate) monitors a collection ol related supporting rescarch and
technology and advanced rescarch and technology tasks (c.g., in the
MTS, all tasks related to meteoroid hazards). These tasks may be
conducted within the lauboratories at various freld installations, under
grant or contract managed by an OART Program Division, or under
grant or contract managed by the field installation. The Technical
Associate also monitors the mission-reluted technical aspects of those
spice flight projects or experiments which fall within his area of tech-
nical responsibility. Flight experiments may be flown on OART, ONMISF,
or OSSA spacceralt, In any case, the program chiel’s technical interest
is more in the experiments, the data derived {rom them, and the data
utilization, than in the spacecraft aboard which the experiments are
carried.

The “program manager” designated for such space flight projects is
located in SPO. Like his Technical Associate counterpart in the pro-
gram divisions, the program manager will have responsibility for
handling several cfforts—in the MTS case, as many as five or six space
flight projects. His job is to monitor the exccution of the project. He
helps the Technical Associate and the ficld installation assigned the
project develop the PAD. He ensures that NASA Headquarters’ re-
quirements for the management plan, schedule elements, financial plan,
and technical plan are met in the Project Plan. As is the case in OSSA,
the Project Plan entails negotiation among the field installation, OART,
and other Headquarters elements. Once the Project Plan is decided
upon and accepted, the program manager located in SPO becomes the
person responsible within OART for project execution (in the same
sense that a program manager in OSSA has staff responsibility for
project execution) . Of course, the project manager at the field installa-
tion has the line authority and responsibility for project execution. To
some extent, once the Project Plan is accepted, the Technical Associate

*For purposes of this study, these program chiefs or Technical Associates were in-
luded as program managers. They tend to sce themselves in that role in spite of the
fact that they do not carry formal responsibility for project execution,
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in the OART program division functions like the project scientist in
OSSA.

There are several important ditlerences in this style of program man-
agement from that of OSSA. One of the most promincnt is that although
SPO has the responsibility for overseeing project execution following
the acceptance of the Project Plan, it is the program division, not SPQO,
that provides the funds for the project und must justily the use of those
funds to the NASA hierarchy, to the Oflice ol Management and Budget,
and, finally, in the congressional authorization and uppropriations
ProCesses.

The project manager perceives and accepts the program manager in
SPO as the 1leadquarters managenient authority tor the project. The
project manager recognizes that he is expected 10 keep in close touch
with the SPO program manager and to be able to satisty him on all
aspects ol project execution including costs, project schedule, and tech-
nical progress. The project manager knows, however, that he must sell
not only the SPO program nminager, but the program division Technical
Associate responsible for the project, on its merits and objectives. Thus
he has two principal points of linison in NASA Headqunters. There is a
continuing liaison between the SPO program manager on i particular
flight project and the Technical Associate in the program division. (See
fig. 6.)

There is one important exception to the general rule that all space
flight projects are handled in this fashion. The Lifting Body project
was handled more like acronautical test Hights: the program division (at
that time Space Vehicles Division) kept both the general management
and the technical management functions within the responsibility of
the Program Ofllicer in the division.

Aeronautics Projects

This category covers such projects as the YI-12, the Supercritical
Wing, the N=15, the B-70, the Quict Engine Program, and the Aircraft
Noise Reduction Program. Full management and technical responsi-
bility are vested in the Program Officer located within the program
division. For purposes ol this study, we consider him a program man-
ager, although his organizational title may be Brimch Chiel, Program
Chief. Program Officer, or Technical Ofhcer.

Program managers of acronautics projects may ot be recognized by
the field installation project stail as the principal point of contact for
action. Those in the field installation responsible for the project may
look upon a Branch Chicel or Division Director as the point to whom
they address requests for specific action, - conbast 1o the point to
which they may direct information and reports. ‘This varies {rom
project to project, depending upon both the personalities of the indi-
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viduals involved and the historic organizational dJevelopment of the
respective program and project groups within OART and the field
installation.

There are no typical paths for information and decision on such
projects between the field installation and Headquarters. For example,
a project manager may leave the relationships with OART to his field
installation director, in which case the field installation director may

ASSOCIATE ADMINISTRATOR

1
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PROGRAM OFFICER

DIRECTOR
FIELD CENTER

l

ASST DIRECTOR
POWER AND MATERIALS

NUCLEAR SYSTEMS
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*PROGRAM OFFICER IS RESPONSIBLE FOR OTHER PROGRAMS, SRT
AND ART ACTIVITIES.

Frorre 7.—Diagram of program management relationships for acronautical flight test
and large ground-based projects.
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work with the program Division Director (e.g., Space Vehicle Division)
or he may work directly with the Associate Administrator or one of
his deputies. Figure 7 is a schematic diagram of the program manage-
ment relationships for aeronautics projects and large ground-based
projects. It shows the formal organizational relationship and the in-
formal ties which developed in SNAP-8 between the project manager
and the OART program manager.

The management of aeronautics projects from the OART program
division level tends to be informal and persuasive rather than directive.
Schedule is less relevant than on OSSA space flight projects (though it
is not ignored) and reporting tends to emphasize the technical over
schedule and financiul considerations. Since these projects are not tied
to launch dates, there is less emphasis on meeting deadlines. Another
{actor which tends to reduce the importance of schedule is the fact that
large contractor eiforts rarely are involved. As a result, a substantial
amount of the planning, experimentation, systems work, and testing is
accomplished by NASA personnel at the field installation. Throughout
NASA the R&D budget (ie., contract money) is separate from the
operational budget of the laboratories (in salaries and maintenance) .
The R&D costs represent a much smaller proportion for most OART
projects than is the case in large spacecralt projects, so formal reporting
tends to be limited, occurring at less requent intervals than on space
flight projects.

Large Ground-Based Experiments

Projects which exemplify this category are large, ground-based experi-
ments such as the SNAP-8 and the Brayton Cycle Engine. As is the case
in the aeronautics projects, the person responsible within the program
division has cognizance over both the management and technical aspects.
The field installation-OART relationships tend to follow a pattern
similar to that in aeronautics projects. But because these are large
ground-based experiments involving proof-of-concept and development
hardware, there is more structure to the formal reporting, and greater
importance is given to both schedule and costs. In both of these projects,
unlike most of the acronautics projects, a modified MICS is used for
reporting.

The Space Shuttle

The space shuttle effort within OART was given formal recognition
through the establishment of a Shuttle Technologies Office. This pro-
vided organizational identification of the effort formerly termed the
"Space Transportation System Technology Program,” which had been
staffed on an additional-duty, part-time, or limited-assignment basis.
This program is coordinated closely with the Office of Manned Space
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Flight (ONISYF) . where the requircments were originally laid out by an
OMST task group on the spice shuttle. QAR had the responsibility for
providing alternative solutions for the space shutde yequirements speci-
fied by OMSE.

The OAR'T program had three principal objectives: (1) to develop
a body of technical infornution to serve as a basis for design definition,
configuration sclection, materials choices, and fabyication methodology;
(2) to provide the technical Dasis for assessing alternatives; and  (3)
1o establish a cadre of consulting experts o euide the development
efforts. 'These purposes are similar to those of the more typical program
divisions within OART, but they are most focused: they are directed
toward requircments to meet an increasingly  betwer defined space
[r:ulsportation system. The space shuttle technologies program, organiza-
tionally and managerially, tends to fall between the space flight project
and broader, Iess-defined advanced research and technology. In terms
of the type ol tasks, the program was concentiated primarily upon
cxperimentul engineering and advanced development, with some tech-
nology development and some Tundamental rescarch,

The program was organized into a series ol comnnittees which drew
scientists and engincers with particular skills from all the NASA field
installations. The heart of this organization consisted of seven working
groups, each handling a ML JOT Area ol technology @1 itical to the develop-
ment of the space shutte. A field installation was viven the principal
responsibility for leadership in each of six ol the working groups. The
groups were: (1) Aerothermodynamics and Configurations (Langley),
2) Structure and Materials (Langley), (3) Dynamics and Aeroelas-
ticity (Langley), hH Propulsion (A\Izn"shall}. (D) Integrated Electronic
Systems (Manned Spacecraft), (6) Biotechnology (Ile;ldquarters), and
(7) Operations Maintenance and Safety (Keunedy).

Each of these working groups was composcd ol ;1ppr0xima[ely 15
experts in the discipline (from those installations working in relevant
areas) , representatives of other government laboratories with related
expertise, and at least onc representative from NASA Headquarters.
Each working group was responsible within its arca for: (1) recom-
mending appropriite technical programs and determining requirements
in each discipline involved, (2) carrying out rescarch and technology
programs in-house and under contract, (3) menitoring and reporting
the progress of the work, and (1) disseminating the results and con-
clusions through reports, conlerences and consultations. The working
groups used sub-panels to accomplish specific tusks.

A Technology Steering Group facilitated coordination among the
working groups and provided continuity under the general direction of
the Shuttle Technologies Office. The Steering Gioup consisted of the
chairmen of the seven working groups plus key managers from the
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installations and the NASA Headquarters elements carrying out the
program. The Steering Group attempted to balance programs recom-
mended by working groups within available funds, recommended assign-
ments to field installations, and identified additional tasks or needed
efforts that may have slipped between the boundaries of the seven
working groups.

It should be emphasized that this was a planning, coordinating,
monitoring, and recommending operation. These groups were not in a
position to allocate resources directly, although they had a substantial
influence in that process. The Director of the Shuttle Technologies
Office, acting as program manager for this effort, was responsible for
budgeting available funds to best fulfill a balanced technology program,
for justifying and defending program budgets, for sceking out sources
of necessary funds, for development future program plans, for soliciting
field installation responses to program requirements for manpower, for
broadly reviewing the progress of the work, and for coordinating the
technology work with current planning. Although these efforts were
essentially research and technology efforts, they were more time-con-
strained than similar OART work because their purpose was to develop
solutions within the time reference of the QMSF space shuttle program,
which had schedule restraints like those found in other major space
flight programs. Since this program received significant funding from
OMSF, it required additional coordination and sensitivity to OMSF
user needs in terms of schedule as well as technical parameters.

REPORTING AND CONTROL

Since OART projects represent only a small portion of the organiza-
tion's 4000 research tasks, there has been no need for an OART-wide
project management system. And no such project management system
has been developed. However, some project management systems have
been used in modified form, and there is a general, though not project-
type, management system in operation for broad reporting and control
purposes.

The PAD as Used in OART

‘The principal use of the PAD within OART is as the annual au.
thorizing document between the NASA Administrator and the Associate
Administrator for Advanced Research and Technology to cover the
general program in each area; this becomes the basis for congressional
authorization. These are broad, discipline-oriented arcas, such as space
power or clectronics. Unlike the PADs for OSSA spice flight programs,
these do not have completion dates; they are of a continuing nature,
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reviewed and amended annually in the process of the Administrator’s
program review.

As in OSSA, the PAD also is used for such space flight projects
undertaken by OART as the SERT-II. The PAD scrves as the contract
between the Administrator and the Associate Administrator for Ad-
vanced Research and Technology, while a Project Plan serves as the
contract between OART and the field installation designated the
project responsibility.

Changing the General Reporting System

Until fiscal year 1970, OART used the Rescarch and Technology
Resume (Form 1122), or Work Unit Statement, as the principal formal
reporting device for monitoring work at the field installations. Since
the OART program consisted ol approximately 1000 such work units,
the capacity of the program divisions to review and manage these tasks
varied considerably from task to task and from division to division.
Attempts to control work at field installations at the work-unit level of
detail produced uneven results and substantial resistance in the field
installations.

OART management recognized that the work-unit level was too
detailed for Headquarters planning purposcs, so the Research and
Technology Objective and Plan (RTOP), which covered a broader
technical arca, was developed. Under this system, there are approxi-
mately 500 RTOPs in the entire OART program. The RTOP is the
basis for program planning, and also is the formal agreement on the
program between the Director of the field installution and the Associate
Administrator. The RTOP is the formal program documentation in
terms of technical objective directly refated to agency needs. 1t includes
the technical upproach, contracting plan, and resource requirements in
detail appropriate to the nature and size of the eftort, These 500 RTOP
documents cover the 4000 work-unit statements, which are now used at
the field installations as a subsidiary implementation document. Field
installation directors have the authority to reprograin funds among the
RTOPs as long as there is no significant change in the technical ob-
jective or scope. Space flight projects such as SERT-1I, the MTS, and
the Orbiting Frog Otolith (OFO) arc of such magnitude that each
constitutes a single RTOP. Generally, efforts of the magnitude of the
projects covered in this study would rate a single RTOP.

Financial Reporting

The POP has not been used extensively for program management in
OART, mainly because of the large number of work units and the
relatively small dollar totals. Program divisions occasionally have moni-
tored field installation efforts on the financial side through the use of
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Form 1122. This is not possible under the new RTOP system, since
Form 1122 is used principally to notify Headquarters that a work unit
is being activated. Financial reporting (including resource allocation)
in the RTOP routinely does not include specific information below
the level of the “unique project.” Included in this term are the principal
space flight projects such as SERT, MTS, and OFO. Aeronautics projects
like Supercritical Wing, however, have been subsumed under a broader
title of “subsonic aircraft,” so RTOP data are not adequate for cost
control monitoring on such projects.

Each month the program divisions receive a financial report on
accrued costs and disbursements covering the major cost elements of
research tasks or projects. These reports are available on the 10th day
of the month and are current through the last day of the previous
month. They represent the most timely data available to OART pro-
gram managers in the formal reporting system.

Project Control

MICS is the principal formal reporting and control system used for
space flight projects. In modified form, it is used for the large ground-
based experiments and for the space shuttle. No such combination cost,
schedule, and technical status reporting system is used for aeronautics
projects, with the greater emphasis on focused technology programs
in the reorganized OART, some system similar to the modified MICS
probably will be applied to these efforts. The RTOP does offer a means
of technical monitoring, but program managers agree that the technical
detail in the RTOP is not sufficient ior keeping on top of their projects.
The informal telephone and man-to-man relationship between the pro-
gram manager and the project manager continues to be the most im-
portant channel for the exchange of information and ideas in the
planning and execution of a project.

THE OART REORGANIZATION

On October 26, 1970, OART was reorganized as one of several steps
designed to focus rescarch and technology efforts and to strengthen
OART control. The seven program divisions and the Space Nuclear
Propulsion Office of the previous OART organization have been re-
constituted into seven program divisions emphasizing major technology
areas, and five program offices that are more project or proof-of-concept
oriented. See figure 8.

The seven program divisions under reorganization are Space Propul-
ston and Power; Environmental Systems and Effects; Guidance, Control
and Information Systems; Materials and Structures; Aeronautical Op-
erating Systems; Acronautical Research; and Aeronautical Propulsion.
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The realignment of the program divisions provides considerably greater
empliasis on acronautics. The program ofhices are Shuttle Technologics,
Space Nuclear Systems, Short Take-Off and Landing (STOL) Program
Office, Advanced Technology Experimental Transport (ATET) Pro-
gram Ofhce, and the Lifting Body Program Office. The new Space
Nuclear Systems Office combines the old Space Nuclear Propulsion
Office and some elements of the old Space Power and Electric Propulsion
Division. Three program offices (STOL, ATET, and Lifting Body)
represent new organizational focusing in these areas of application.
The Technology Applications Office subsumes the activity of the older
Special Programs Office, placing greater emphasis upon liaison with
those organizations, both within and outside NASA, that constitute
the users of the advanced and supporting research and technology
programs.

The Resources and Institutional Management Division essentially is
a redesignation ol the Programs and Resources Division. The Advanced
Concepts and Missions Division incorporates the responsibilities of the
former Mission Analysis Division. A new Rescarch Council which re-
ports to the Associate Administrator was established. The responsibility
of the Council is to insure a coordinated, well-balanced basic research
program by reviewing NASA basic research activity, preparing annual
summaries of such activity, and making recommendations to the Asso-
ciate Administrator.*

The new OART organization provides greater emphasis on: (1)
NASA application and advanced research and technology, (2) or-
ganizing advanced rescarch and technology to meet user needs, and (3)
a more structured rationale in the selection and direction of research
and technology efforts.

One change in the management system that has accompanied this
reorganization of OART is the greater authority of the directors of the
program divisions. In the past, not all division directors were in a
position to issue instructions to field installations-—even within their
own program areas—over their own rather than the Associate Ad-
ministrator’s signature. Under the reorganization, the Associate Admin-
istrator has formally delegated program management responsibility to
the directors of the program divisions, within broad guidelines. This
provides the division directors with an authority similar to that exer-
cised by the division directors in OSSA, and provides them a stronger
organizational position in relation to the field installations than they
previously enjoyed.

*This responsibility has always been vested in the Associate Administrator for
AR'T, but the Council is a means of giving greater institutional recognition to it, and
provides machinery that should strengthen this NASA-wide role,



5. Field Center Organization for
Project Management

THE OSSA AND OART FIELD INSTALLATIONs may be classified, according
to their principal purpose, into five categories: (1) space flight, (2)
applied research in space and acronautics, (3) applied research in
power and propulsion, (4) aeronautical flight test. aud (5) launch of
space fights.

The Goddard Space Flight Center (GSFC) focuses upon space flight.
From its beginning in 1959, GSFC has been the leading NASA field
installation in those space science activities usually linked to unmanned
space flight. Goddard also has served a principal supporting role to the
manned space ctlort through its communications, tracking and data
acquisition network, and advanced research and iechnology activities.
The Jet Propulsion Laboratory, not covered in this study, has served
much the same purpose in unmanned lunar ind plunetary programs.

GSFC has been the principal field installation for applied satellite
technology, and consistently has been charged with the responsibility
for managing more large unmanned spacecraft projects than any of the
other field installations.

The Ames Rescarch Center (ARC) and the Langley Research Center
(LaRC) concentrate upon applied rescarch in space and aeronaultics.
The bulk of the work at these installations tends to be in advanced
research and technology or supporting research and technology; much
of it is conducted in-house. Each has had responsibility for the manage-
ment of large space flight projects, but typically not more than one or
two at the same time. For example, ARC had the management re-
sponsibility for both the Pionecer and the Biosatellite Projects. LaRC
currently has responsibility for the Viking Project und for the Scout
Launch Vehicle (NASA’s smallest operational satellite launch vehicle) .
LaRC also had responsibility for thie Lunar Orbiter Satellite Project,
which came to a conclusion about the time the early planning work
was being accomplished on Viking.

The Lewis Research Center (LeRC) concentrates upon applied
research in the areas ol power and propulsion. This covers a range of
everything from jet engines through rocket motors to the more exotic
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electric and jon engines for deep space flight. Like Ames and Langley,
Lewis has been assigned management responsibility for a number of
large space flight projects. LeRC managed the SERT-II satellite project
{most of which was done in-house) , and it has responsibility for NASA's
medium launch vehicle program (the Atlas-Agena, Atlas-Centaur, Titan
HI-C, and Titan Centaur). Lewis also manages such large ground-
based experiments on the application ol nuclear power in space as
the SNAP-8 and the Brayton Cycle Engine.

Aeronautical flight testing activities are concentrated at the Flight
Rescarch Center (FRC). Flight testing (which may also include tabri-
cation of the flight test model) is managed on such projects as the
Supercritical Wing, the Lifting Body, the X-15, B-70, and the YF-19.
Although not so deeply involved in laboratory rescarch as Goddard,
Ames, Langley, or Lewis, the Flight Rescarch Center does carry out
research on flight instrumentation, data acquisition and reduction, and
other flight test related areas.

Rocket launch activities are conducted for the unmanned programs
by Wallops Station, which launches principally Scout rocket launches
and sounding rockets and the Unmanned Launch Operations (ULO)
organization at Kennedy Space Center, which has another operating
division at the Western Test Range, Vandenberg Air Force Base. Both
Wallops and ULO concentrate on planning, pre-launch checkout, and
the launching of space flights.

All of these field installations have responsibility for managing some
flight or acronautical project, except ULO.

PROJECT ORGANIZATION BY MAJOR TYPE

The four types of project organization described by Flaks and Archi-
bald (projectized, matrix, coordinator, and expediter) are found to
some degree in one or another of the OART or OSSA field installations.

Of the 32 projects covered in this study, only one clearly qualifies
for the expediter classification: the Space Shuttle Coordinating Office
at ARC. In keeping the field installation director informed about the
status of the work of the various shuttle task or working groups, the
head of the office performed primarily a communications function.
This particular organization is the result of the OART Space Shuttle
effort’s being organized on a task force or committee basis under the
direction of NASA Headquarters, and the high priority given to the
component tasks by the participating field installation directors.

The coordinator-type project organization is approached by some
projects in the Technology Directorate at Goddard, at the Flight Re-
search Center, at Wallops, at Langley, and at Lewis. In each of these
instances, however, the project manager exercises supervision, other
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than funding control, over the work of those personnel outside the
project manager's own staff who participate in the project. These tend
to be projects whose design, testing, and sometimes even fabrication are
done in-house. In the strictly formal sense these projects fall within the
matrix category of project organization, since the project organization
is not administratively sell-contained, and since groups outside the
project staff are responsible to the project manager for accomplishing
agreed-upon tasks.

Three projects arc organized according to a highly projectized struc-
ture—the Pioncer and Biosatellite projects at Ames Research Center,
and the Centaur launch vehicle project at the Lewis Research Center.
The other two launch vehicle projects included in the study—Delta at
Goddard and the Scout at Langley—are only slightly less projcctized.
These project organizations are sel-contained and receive virtually no
support, other than administrative, {from other groups at their field
installations. The Pioneer and Biosatellite constitute Ames’s two large
space flight projects, They make up two principal elements of the De-

velopment Directorate, whose purpose is to manaze major development
projects. (The third component of the Devclopment Directorate Is a
Systems Lngineering Division which provides systems engineering sup-
port to both flight projects.)  The Centanr project organization is
located within the Launch Vehicles Division at Lewis and receives only
occsional consulting assistance from groups outside the division. The
Delta and Scout projects follow similar patterns.

Launch vehicle projects have one peculimity which tends to set them
apart organizationally. They have no scheduled conclusion. Therefore,
they are less temporary organizationally than most project organizations.
The vehicles are fabricated and tested by contiactors, and modified to
meet the needs of each satellite space mission; the NASA Project Ofhce
responsibility is one of monitoring, contrel, and liaison with some
limited svstems improvement work. The management job on a launch
vehicle is no less demanding, but it tends to lack some of the research
excitement associated with other space tlight projects.

TYPICAL MATRIX ORGANIZATIONS IN NASA FIELD INSTALLATIONS

Projects following a matrix type ol organization reflect notable varia-
tions from one field installation to another. The following descriptions
illustrate how mwatrix-organized projects generally sire structured in the
0SSA and OART field installations. ARC is not included because only
two ol the five projects covered there were ol the matrix type, and the

installation has no 1);11(01‘114—ci1hcr by policy ar pracuice—that is fol-

lowed in project organizition.
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Langley Research Center

A typical matrix project at LaRC is shown in figure 9. General
management, key milestone decisions, and liaison with supporting
groups outside Langley generally are handled by the project manager
or his immediate assistants, if he has any. For example, the project man-
ager usually handles liaison with the Launch Vehicle Project Office
rather than designating some member of the project team outside the
Space Technology Division to manage this task.

The technical details of the spacecraft and its related systems, in-
cluding mission-peculiar ground instrumentation, are left to project
engineers assigned from three principal supporting divisions: Flight
Instrumentation, Flight Dynamics and Control, and Systems Engineer-
ing. The project engineers are not physically located with the project
office, but remain with their respective parent organizations where the
project work is accomplished in the case of an in-house project, or
where systems design and contractor technical monitoring is handled
on a day-to-day basis on work contracted out.

Communications among project engineers and with the project man-
ager are informal and unrestrained. The project manager receives
analytical support for financial management, scheduling, and procure-
ment as needed from the Directorate of Administration. Projects are
reviewed at least monthly at the division level in conjunction with the

PROJECT MANAGER
(SPACE TECHNOLOGY DIVISION)

| =TT == | e e |
LAUNCH VEHICLE ! | FINANCIAL MANAGEMENT !
SYSTEM i | AND PROCUREMENT |
_________________ [} L Y |
FLIGHT DYNAMICS
PRINCIPAL ENGINEER
(FLIGHT DYNAMICS AND
CONTROL DIVISION)
INSTRUMENTATION
PRINCIPAL ENGINEER* TEC”E',:‘%’},'GEPERF?"ECT
(FLIGHT 'B‘f\fl';%””ﬁmn'o"' (SYSTEMS ENGINEERING DIVISION)

*MAY INCLUDE RESPONSIBILITY FOR TRACKING AND RANGE SUPPORT.

Ficure 9.—Typical Matrix project at LaRC,
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monthly MICS report and the monthly PMR, both of which routinely
go to the LaRC Director. High priority and major flight projects are
reviewed by the LaRC Director and his top management associates at
least monthly in a full-scale briefing.

Lewis Research Center

Figure 10 shows the general pattern for projects at the Lewis Re-
search Center. The manager of a matrix-organized project is appointed
from one of the operating divisions. The project office is organized at
the branch level. For example, the Quiet Enginc Project Office is or-
ganized at the equivalent ot the branch level within the Special Projects
Division of the Acronautics Directorate, and the SNAP-8 and Brayton
Cycle Projects both are organized as branch-level operations within
the Space Power Systeis Division.

A subproject manager is appointed by the chief of each division
supporting the project. Each subproject manager (usually responsible
for a system, subsystem, or similar project element) is the point of
liaison for all of his division’s work on the project and is managerially
responsible to the project manager for that work.”

In a formal sense, the subproject manager is responsible to his branch
and then to his division chief for project work. Both are kept informed,
and both must be consulted if the branch or division is called upon
for further resource commitment. But, practicully, subproject managers
report directly to and accept the leadership of the Project Manager.

DIVISION DIVISION DIVISION
BRANCH PROJECT MANAGER BRANCH
CHIEF {PROJECT OFFICER) CHIEF
|
|
MANAGER MANAGER
KEY:

SUPERVISORY RESPONSIBILITY
PROJECT RESPONSIBILITY con o= om o e ome cve o oo o

Ficure 10—General pattern for projects at LeRC, with only one branch of several
in cach Division shown.
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Subproject managers typically are given substantial autonomy as to how
they will accomplish their responsibilities.

LeRC officials prefer a heavy in-house involvement in the projects
assigned to them. They want those responsible for the project to be
close to the hardware and so, where possible, they like to see the project
team involved in the systems design and systems integration. Generally,
their philosophy is that a project team can do a firstrate job of moni-
toring a Phase D contractor effort if much of the detailed design and
systems work has been accomplished by, or under the close supervision
of, the project team.

Flight Research Center

An FRC matrix organization is shown in figure 11. Project managers
are assigned to the Projects and Program Management Office, which is
on the staff of the FRC Director, They report directly to him and
receive their authority from him. Normally, the project manager is
assigned on a full-time basis, though he may be given responsibility for
two projects at the same time. He is selected by the FRC Director,
usually from among the more experienced project engineers. All other
members of the project team, whether full or part-time, are assigned
by their respective division directors and continue to be responsible
to their immediate supervisors, frequently remaining physically with
those organizations.

CENTER
DIRECTOR
|
PROJECT MANAGER
yooo H
i ADMINISTRATION H
e e e ——— 4

]
| PROJECT ENGINEER !
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l"_‘__L--"'l r'-—‘—'L"—“l

; 1ot I 1 FUGHT | | .
| BIOMEDICAL | | DATASYSTEMS | oo
| | ' 1

FiGure 11.—Typical organization of an FRC flight project—a matrix type of organi-
zation. (Dotted lines denote project-assigned functions over which the project
manager has supervisory responsibility for his project tasks, but does not exercise
traditional line authority.)



48 PROJECT MANAGEMENT IN NASA

Project managers work closely with the members of the project staft,
providing guidance and direction without going through the staff
member's line superior. However, the project manager is not in a posi-
tion to place additional requirements on members of the project team
without at least informal clearance with that member’s organization.

The Projects and Program Management Office handles overall fi-
nancial matters for the projects. Some of the installation management-
level coordination with other agencies—such as the Department of
Defense, the Department of the Air Force or its major Commands,
contractors, other NASA installations, and NASA Headquarters—may
be performed by this office. The Projects and Program Management
Office does allocate funds for contractors and for personnel costs in the
FRC operating divisions from the project budgets. The project engi-
neer acts as a coordinator and principal trouble shooter for the technical
activities on the project in his role as chief assistant to the project
manager. The FRC Director involves himself closely with projects,
reviewing them every two weeks and sctting or re-adjusting support
priorities depending upon project progress and need.

Goddard Space Flight Center

Figure 12 shows the GSFC project organization. All large Goddard
flight projects have a Spacecraft Manager, an Lxperiments Manager,
and an Operations Manager administratively assigned to the project
staff. Most also have a Project Coordinator who is responsible for such
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Ficure 12.—GSFC project organization. (Dotted lines denote a project function that
is performed by a group outside the project manager’s direct control.)
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administrative functions as maintiining and servicing the formal chan-
nels of communications (coordinating technical and administrative
(!ocumcnmtion) and acting as general managerial wouble shooter, The
Launch Vehicle Manager may or may not be a full-time member of
the project manager's staif.

The Reliability and Quality Assurance Manager and the Tracking
and Data Systems Manager may spend nearly full time on a particular
project, but they are responsible administratively to the Systems Re-
liability Directorate and the Tracking and Data Systems Directorate,
respectively. Business support is provided by the Administration and
Management Directorate, bhut the Business Representative and his staff
assigned to the project are collocated in the project office. The Project
Scientist is a member of the Space Sciences Directorate. IHe provides
the principal scientific guidance to the project manager, and formally
is viewed as co-cqual with the project manager. The Project Scientist is
not located in the project office and he does not report to the project
manager. Many project managers see his function as purcly advisory,
though he makes important contributions during the development of
the Project Plan and technical specifications for the contract.

The above description represents the organization of lge, contractor-
built space flight projects within the Projects Dircctorate at Goddard,
Smaller flight projects, which are essentially in-house, are located in
the Space Applications and Technology Directorate and tend to be
organized much like those at LaRC.

MANAGEMENT ENVIRONMENT AND PROJECT MANAGEMENT

Management environment, as used here, means the collection of
discernible influences acting upon the project organization, but external
to it. Management cnvironment is perhaps the greatest influence upon
the structure ol NASA project managetiient, and its influence is most
cvident in the field installation.

One of the most pervasive factors in the management environment
has been the reluctance, during NASA's carly years, of the former
NACA laboratories o engage in major flight projects where most of
the work was done under contract.1? Many senior engineers and sci-
entists, formerly with NACA, believed strongly that a kind of Gresham'’s
Law takes effect when the management of large contract development
efforts are thrust upon organizations engaged in basic and applied re-
search. The pressures and publicity attendent to these projects create a
virtually unlimited demand for technical and managerial talent; this
intrudes upon or displaces the laboratory’s own research-—research
which had attracted and fostered the talent in the first place. A former
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Ames engineer observed, “The danger of bccoming mere contract
monitors rather than research men was of concern to most. . . S

In spite of these reservations, the pressures for, and attractions of,
major flight projects eventually proved overwhelming. By the fall of
1962, the Centaur launch vehicle project had been assigned to LeRG,
and the Pioneer and Biosatellite projects to ARC. In November of 1858,
LaRC had acquired the Space Task Group (STG), the predecessor to
Mercury and the entire manned space effort. Upon activation of the
Manned Spacecraft Center at Houston, the bulk of the STG activities
were transferred there. LaRC was assigned the Lunar Orbiter, its first
major unmanned space flight project, in the Spring of 1963. GSFC
was created to handle major space flicht projects, but, as it acquired
and fostered an extensive basic and applied research capability, the
same tensions arose there between the demands ol an environment
facilitative of rescarch and one which envelops major development
projects. These tensions have been less noticeable at Wallops Station
and FRC, because they were established to provide rocket launch and
flight test support, respectively, and continue primarily in those roles.
Project activities at Wallops and FRC do not involve projects of the
same magnitude as those at Ames, Langley, and Lewis, and the projects
for which they have responsibility are viewed as sharpening and ex-
panding the talents of their staffs.

A consistent organizational response by the ficld installations to the
assignment of a major flight project eventually was to establish major
projects within a separate organization having rclatively prominent
management visibility. In some instances this was viewed as a necessity—
it aggregated project support demands and avoided the feared aggressive
incursions on research activities which might have occurred if big
projects were scattered among rescarch divistons.

In the matter of rescarch contracting, the interests of the Center differed
considerably from those of NASA as a whole. To NASA, the practice gave
access to takent, fadilities, and a sheer volume of technical manpower that
could not feasibly be assembled within the confines of a Government labora-
tory. It was probably the only way the huge task confronting the agency
could be accomplished. From the standpoint of the Center, whose interest
lay mainly in basic rescarch, such contracting was in many respects debil-
itating. Tt would, of course, inhibit the full development of the Center and
would dilute the quality and reduce the morale of the staff. It would render
more difficult the problem of acquiring and retuining research men of the
highest quality and would be particularly harmful if it reduced the Center's
best research men to mere contract monitors—assuming that they would
accept such a role.®

There is a substantial difference between the smaller flight projects
upon which much or all of the engineering design and fabrication
are accomplished within the installation (i.c., in-house projects) and
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those large projects where these functions arc under contract. At GSFC,
LaRC, FRC, and Wallops, the management of the small flight projects
is centralized within a major installation subdivision. In-house flight
projects at Goddard are located in the Space Applications and Tech-
nology Dircctorate. At Langley, the in-house space llight projects are
assigned to the Space Directorate, though two other Directorates—
Electronics, and Systems Engineering and Operations—consistently
provide substantial support. At Lewis and Ames, the in-house projects
arce located within the technical division having principal substantive
responsibility. For example, the SNAP-8 project is assigned to the Space
Power Systems Division, which is responsible for nuclear and other
systems lor use in space power applications.

The large space flight projects at Goddard, such as the Orbiting
Astronomical Observatory (OAO), Nimbus, ATS, Orbiting Solar Ob-
servatory (OS0), Delta, and Tiros Operational Satellite (TOS), are
collected in a Projects Directorate. Unlike the Development Directorate
at Ames, the Goddard Project Directorate has not technical support
capability outside the project staffs. Principal project support has to be
obtained from the Space Applications and Technology Directorate.
The Centaur at Lewis is more or less self-sufficient within the Launch
Vehicle Division where it can obtain needed support. Reporting
directly to the LaRC Director, the Viking project at Langley is totally
separate from other activities organizationally. However, nearly half ot
the project staft are assigned from other Langley organizations on a
temporary basis. SERT-1I at Lewis is the largest in-house project
studied; it constitutes an entire branch of the Spacecraft Technology
Division.

The organizational separation of the large flight projects tends to
isolate them. There appears to be less technical interchange between
project staff and their colleagues in discipline or systems-oriented
branches elsewhere in the field installation, than is true on the in-house
projects. As suggested in the passage quoted above, there also is less
enthusiasm or willingness by engineers or scientists in the technical
divisions to accept even short assignments with a project. On the other
hand, managers of large projects frequently view technical divisions as
unresponsive to their schedule and funding problems. This has en-
couraged some project managers to seek needed technical support from
contractors in order to avoid haggling with their in-house colleagues.
Where project staffs are kept small, this alternative is especially attrac-
tive, and it carries with it the advantage of more positive control in the
project manager’s hands.



6. The Essence of the NASA Project
Management System13

ALTHOUGH THE ORGANIZATIONAL SYSTEM for managing projects in NASA
varies from project to project in details, and varies institutionally be-
tween OSSA and OART, there are at least five commmon features, which
most projects share, and which can be considered the essence of the
NASA project management system. They are: (1} an iterative, sys-
tematic decision process; (2) emphasis upon the constant flow of
communications, open to all participants; (8) shared authority among
levels and functions, but focused responsibility; (1) the concentration
of resources at key points or cvents; and (5) creative responsibility (or
tension) among participants who frequently sought conflicting goals.

AN ITERATIVE DECISION PROCESS

The major decision points structured into the Phased Project Plan-
ning cycle and the cascading series of systems reviews, as a project moves
through the various phases, result in a series of incremental decisions.
But all elements of the project remain open ftor review, depending on
status and performance. The need to integrate many systems and sub-
systems upon which work is proceding independently requires that
decisions respecting one aspect of the project simultaneously consider
the impact of that change on other elements. The decision is made in
the context where all interested and affected parties have the oppor-
tunity to make their views and arguments heard. This places consid-
erable talent and information at the disposal of the project manager,
but it also places substantial demands on him in teyms of perceptive
assessment, skills of negotiating and persuasion, and tolerance for a
welter of conflicting advice.

CONCENTRATION OF RESOURCES

The NASA project manager depends upon the capacity of his or-
ganization (and in the larger sense, all of NASA) 1o respond with a
concentration of resources and talent at opportune points during the
course of the project. The overwhelming prelercnce by NASA senior
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officials for the matrix type of project organization attests to its flexi-
bility in meeting this requirement. The insistence that organizational
boundaries not inhibit the flow of needed assistance has been more
than a management principal; it has been a state of mind embedded
solidly in the NACA tradition and promoted by NASA project team
members among their counterparts in contractor organizations. This
Hexibility depends o a large extent on a pervading sense of trust and
good will, and on a large dose of common sense among project managers,
so that they do not panic and exercise the system needlessly. This
capability 1o respond rests upon a combination of broad technical coni-
petence in the field installations and the ability ol project managers to
develop a rapport between their team and members of the installation
technical staffs.

SHARED AUTHORITY, FOCUSED RESPONSIBILITY

The program-project manager and Headquarters-field installation
axis illustrates an anomalous but essential feature of the NASA project
management system. Responsibility for project performance clearly is
focused on the project manager, yet he ravely has the authority, without
concurrence from several other levels, to decide a major issuc. Nearly
every decision is the result of successive reviews and negotiations with
systems managers, experimenters, functional managers, and headquarters
representatives. But this shared authority brings the advantages of
broader participation to cover technical and other problems in greater
depth, as it brings a sense of responsibility by those participating to
work for the common goal and refrain from agerandizing their own
intercsts. Ideally, the sharing of authority helps maximize innovation
while minimizing error.

CONSTANT, OPEN FLOW OF COMMUNICATIONS

An important key to project success is for the project manager to
know the true status of progress on every element. Formal reporting
systems cannot assure this, but NASA requires such a redundancy of
information flow, including even those peripherally involved, that
crrors and schedule slippages usually are well publicized. These help
prod those who otherwise might accept delay or minimum solutions.
In addition, project managers are expected to institute their own
informal means for obtaining needed information and passing it along
to aftected parties. If anything, there is a surfeit of information, Hiding
problems is frowned on and considered more of an evil than the failure
to solve a problem.
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CREATIVE RESPONSIBILITY

Emphasis is on problem solving and balancing ol interests, not upon
assessing blame. The competitive atmosphere ol integrating the often
conflicting requirements of various systems creites tenston, but it also
keeps the participants conscientious; they must put forward their best
arguments and reasoning in support ol their requirements. Negotiations
and compromise arc lmportant clements in the system. The fools,
charlatans and irvesponsible are quickly weeded out. Success depends
upon mutual cooperation produced by hard tought technical argument
and the weighing of alternatives.

The NASA project management system integrates the formal and
informal it such a manner that they Lugely are mutually dependent.
The formal system is structured to help skilled, highly motivated man-
agers succeed, but it requires uniquely qualified individuals in the key
project positions, Success scems cven more dependent upon the men
than it does the formal system.



PART Il. THE MEN
Project and Program Managers






7. What the Man Brings to the Job: Experience,
Perspective, Skills and Characteristics

THERE ARE SEVERAL ATTRIBUTES which a project or program manager
brings with him to the job, and which influence his performance in
the job. These are: (1) his past experience, (2) his expectations or
views upon the principal functions of the project- or program-manager
role, (8) his personal skills, and (4) his personal characteristics (per-
sonal behavior within the organizational context) . The data relating to
past experience were collected both from personal interviews and from
summaries of personnel records. The information on principal project
or program manager functions, personal skills, and personal character-
istics was obtained from a questionnaire administered to most project
and program managers. They were asked their views on the importance
ot the functions, skills, and characteristics ol project and program man-
agers, and to rank them in order of their importance. Much of the
following discussion is based upon the perspectives of the project and
program managers on the importance of these various elements; it is
not a measurement of the presence or absence of these skills or charac-
teristics among the managers themselves. They do represent important
influences on the manager's approach to his role.

PAST EXPERIENCE

NASA project managers cannot be fit into a mold, but they do share
some common characteristics in professional training and work experi-
ence. Of the 36 project managers interviewed, all but two were engincers,
based upon their undergraduate degree. Most had previous project ex-
perience as a principal member of a project stafl, an assistant project
manager, or a project manager in NASA, the Departiment of Defense,
or the acrospace industry. However, this varied considerably from field
installation to field installation. All of the project managers surveyed
at LaRC and FRC had previous project experience. Ten of the fifteen
project managers intervicwed at GSFC had worked on project staffs
immediately prior to taking command of their projects, as had three of
the five project managers interviewed at LeRC. The project manager
interviewed at Wallops Station also had previous project experience.

57
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Only onc of the five project managers included in the study at ARC
had previous project experience. The low rate ol previous project
experience among Ames’s managers may be due largely to the fact
that, except for large space llight projects. Ames has developed no
particular institutional approach to project-type activity. The recent
development ol several vesearch-type activities into small project-type
activities was ot an cevolutionary nature; the rescarcher heading the
study became the de fecto project manager.

The project managers ranged in age from the mid-30s to the early 50s,
with the average in the mid-10s. All the project managers showed
evidence of substantial physical vigor and endunce,

Most of the project managers at the former NACA Centers (Langley,
Ames, Lewis, Flight Rescarch Center, and Wallops Station) joined
their respective installations shortly after having iccetved a baccalaureate
degrec in acronautical, mechanical, or clectrical engineering. By con-
trast, there are relatively more project munagers at Goddard with
extensive military or industrial project experience. Project managers
consistently held senior civil service grades at the GS-15, GS-16, or
excepted levels. On the average, project managers had from 15 to 20
years of engincering rescarch experience at the field installation where
they were project managers.

NASA program managers, for the most part, have backgrounds and
experience similar to their project manager colleagues, though there are
some distinguishing differences. On the average, program managers are
three to five years older than their project-manager counterparts. Fewer
have degrees in engineering, although the majority are mechanical,
acronautical, or electrical engineers. Others have degrees in physics,
mathematics, or other physical sciences. About three-quarters of the
program managers have advanced degrees or have taken graduate work.
Most of the program managers have 20 or morc years of R&D experience
all have had supervisory and managerial experience in government,
industry, or the military. Slightly more than 25 percent of the program
managers have industrial experience in the acrospace industry as plan-

ning, program, or systems managers. Most of those in OSSA have missile
or rocket development experience dating back to the carly 1950s, and a
substantial minority of OSSA program managers are ex-military officers
who began their space-oriented careers through various technical or
command assignments related to military rocketry. All are at grade
level GS-15 or above.

One noticeable difference between the program managers in OSSA
and those in OART is that, whereas three-fourths of the OART pro-
gram managers have had working experience at a NACA field installa-
tion, fewer than half of the OSSA program managers had such experi-
ence.
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‘Two observations are in order about the apparent relevance of various
clements considered to be past experience, and project or program
manager perlormance. First, most NASA senior officials at either the
Headquarters or field installation level agree that a project or program
manager must have at least ten years of research and development ex-
perience in a variety of settings to prepare him for the scope of technical
and managerial challenge to be faced as a project manager. They be-
lieve that it takes personal experience with hardware design, testing, and
fabrication in order to build the engineering intuition which may spell
success or failure in technical decision making under pressure.

Second, it is the (subjective) evaluation of senior officials that ex-
perience in the organization (that is, the field installation or major
Headquarters program office) is more important than past program
or project experience outside NASA. The value of an insider’s knowl-
edge of the organization is most obvious in management of a matrix-
organized project. In such circumstances the project manager must rely
upon informal channels of communication and control, so that his
understanding of, and capacity to operate within, the organizational
environment are critical.

PRINCIPAL FUNCTIONS

Project and program managers were asked to rank the relative im-
portance of the four principal functions* of project or program man-
agement. The functions were:

1. Project Planning.—Developing and establishing technical perform-
ance specifications and plans for budgets, schedules, organization, per-
sonnel, reporting, and changes

2. Project Information and Control—Maintaining an awareness of,
cvaluating, and acting to control such critical factors in project progress
as the quality of the project, as measured by the technical and per-
formance specifications, and keeping the operation within project
schedule and cost parameters

*This group of functions and their descriptions was sclected after reviewing the
project management literature and NASA management issuances, and cvaluating the
results of exploratory interviews with NASA project managers and senior ficld installa-
tion and Headquarters management officials. These sources provided sevcral dozen
project and program management activities which were then consolidated into the
four general management functions described above. During the initial administra-
tion of the questionnaire, about three dozen respondents were asked to comment
upon the adequacy and inclusiveness of these management functions. None of the
respondents considered the functions described as inappropriate, nor did any of them
offer possible alternatives. Therefore, the author offers them, not as definitive func-
tions of project or program management, but as a workable set of functions which
is uscful and at least as authoritative as any other described in the literature.
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3. Project ‘Team.—Collecting, organizing, directing, and motivating
the project team—including the project stafl, supporting elements of
the ficld installation, other agency components, and the project con-
tractors

4. Teclmical Consultation—Advising, problem-solving, and tech-
nical decision-making through committees and ad hoc groups

The project and program muanagers were presented this task: “Listed
below are four project manager functions. ‘They represent one way ol
viewing the collection of activities that a project manager usually must
perform or manage. . . . Runk their order of importance. . . .7 The
managers then 1)1‘0(,ccdcd to rank the functions one through four, giving
the numeral one to the most important [unction and the numeral four
to the one they considered least important.

Collectively, OSSA project managers rank the Project Team function
as most important, followed Dby Project Information and Control,
Project Planning, and Technical Consultation. In contrast, OART
project managers rank Project Planning as most important, followed
by Project Team, Project Information and Control, and Technical
Consultation. (Sce tab. 1.)

Although the numeric rankings indicate a lack of strong consensus
among cither 0S8\ or OART project managets, they do highlight
important institutional differences. As a group, the OSSA projects tend
to be larger and of longer duration, have a more formal organizational
structure, and the project manager generally exerdses greater organi-
zational authority. Thus, OSSA project managers runk the Project In-
formation and Control activity higher than do OAR'E project managers.
One reason that OSSA project managers rank Project Team as most
important, in spite of the fact that the OSSA project organization tends
to be more formal, is that they probably have to work harder on the

TABLE |.—Relative Importance of Principal Project Manager

Functions
Average rankings
OSSA OART
Function project mgrs project mgrs

(N - 20 (N=:16)
Project team 1.9% 2.09
Project information and control 222 2.59
Project planning 2.35 1.62

Technical consultation 3.45 3.69
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Project Team function because of the size of the organization and the
relative lack of informal interpersonal relationships among project team
members which existed prior to the establishment of the project. OART
projects frequently bring together project team members who have
worked together on previous projects or in connection with research
tasks, or who have previous personal rclationships growing out of their
activities at the field installation. This is less likely to be true of OSSA
projects, Both OART and OSSA project managers cmphasize the im-
portance of a strong, well-integrated project team.

OART project managers apparently rate Project Planning high in
comparison to OSSA project managers for two reasons. First, thorough,
detailed planning—specifically laying out the detail of what is to be
accomplished and the relationships among the principal component
clements, including the personnel and organizations involved, in con-
junction with those who will have a part in the project—is considered
to be the cornerstone for a successful project. This helps to avoid mis-
understandings later during the execution of the project. Since OART
projects are smaller and of shorter duration, it is easier to include the
affected and constituent parties carly in the planning process. The long-
term duration and size of many OSSA projects {requently preclude
bringing together for planning purposes all parties or organizations
taking part in or affected by project execution, Second, OART project
managers more frequently arc personally involved in the carly stages of
planning for the projects which they will manage than are OSSA
project managers. The majority of the OSSA project managers surveyed
had been brought into the project cither late in the planning stages
or during the execution of the project.

Both OSSA and OAR'T project managers agree that Technical Con-
sultation is the least important of the four management functions,
Although most project managers are inclined to spend time on technical
details, most accept the principal thrust of their responsibility as man-
agerial in nature. On the large OSSA projects, with rare exception, the
project manager cannot hope to have the same technical grasp in depth
on any subsystem as o his principal subsystem managers,

The rankings of the program managers emphasize their principal
functions of Planning, Information, and Control. OSSA program man-
agers rank Project Information and Control as most important, followed
by Project Planning, Project Team, and Technical Consultation; OART
program managers rank Project Planning as most important, followed
by Project Information and Control, Project Team, and Technical
Consultation. (Sec tab. 2.)

Like their project manager counterparts, OART program managers
more {requently are engaged in the carly processes of Project Planning
than are their colleague program managers in OSSA. This may be due
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TABLE 2.—Relative Importance of Principal Program Manager

Functions
Average rankings
OSSA OART
Function program mgrs — program mgrs
(N—=13) (N=12)
Project information and control 1.85 2.0
Project planning 2.0 1.67
Project team 2.27 2.63
Technical consultation 3.89 8.71

to the fact that OSSA projects arc of longer duration and, therefore,
there is a greater likelihood of turnover among program managers over
the duration ol a particular project than is tue in OART. As a rule,
program managers in 0SS\ do participate in the early stages of Project
Planning. However, when a project may run o1 as long as seven years
or more, the program manager is more apt to sce Project Information
and Control during the execution of the project as more important than
planning—which would take a relatively short period of time.

Both OS$SA and OART program managers recognize the importance
of the Project Team function, but they have little influence in the selec-
tion or operation ol the project team, given their program management
vole. Both see Technical Consultation as the least important of their
functions. Most OART program managers believe, however, that they
make technical contributions to the success of the project. This view
was less frequently stated by OSSA program managers. With few ex-
ceptions, neither project managers nor their staflsy corroborated the view
that the program managers contributed technically to project success.

PERSONAL SKILLS

Every project or program manager brings to the job an individualized
aggregation of skills which he has acquired, extended, or sharpened
through a combination of training and experience. Project and program
managers were asked about the relative importance ol a series of skills *
relevant to project and program management.

The question was posed as follows: “Listed below are the [our major
skill categories and subcategories that are usually considered relevant

*These skill categories and subcategories were developed and tested in the same
fashion as were the project manager functions. The starting point for the four prin-
cipal categorics was Robert L. Katz, “Skills of an Effective Administrator,” Harvard
Business Review (January-February 1953) , pp. 33-42.



WHAT THI MAN BRINGS TO THE Jon 63

for project management. What is the relative importance ol cach of the
four major skill areas to the project manager? . . . what is the relative
importance ol cach subcategory within the major categories?” The skill
categories and subcategories are:
L. Technical Skills
—well founded in the fundamentals of technology
capacity to apply technical knowledge
—brcadth of technical knowledge in areas related to his specialty
2. Managerial Skills—knowledge of and capacity to operate within
the:

—organizational system (its goals, structures, procedures)
—control system (scheduling, quality control, technical reliability)
—financial management system (budgeting, cost control, account-
ing)
—personnel system (recruitment, training, promotion, scparation)
—contracting system (sclection, negotiation, udministmlion)
3. Human Skills
—communication of ideas, including advocacy
—ability to work with others, generate enthusiasm, win respect of
others
ability to encourage pecr-group loyalty, identification with
project
—capacity to encouragce initiative, responsibility, and self-control
—ability to coordinate group clfort, to mediate differences
4. Conceptual Skills
—integrative: capacity to perceive and assess interrelationships
—evaluative: ability to identify and assess problems
—problem-solving: capacity to develop potential solutions
—decision-making: ability to eftectively weigh and choose among
alternatives
—creativity: capacity to develop new ideus and perspectives
When ranking the relative importance ol the four principal project
manager skills, OSSA and OART project managers generally agreed
that Human Skills are most important and Technical Skills least im-
portant. OSSA project managers rank Managerial Skills second and
Conceptual Skills third, while OART project managers reverse the
order. This difference may reflect the institutional differences which also
accounted for differences betwen OSSA and OART project managers
on the management functions of Planning vis-a-vis Information and
Control. That is, the size and duration of the project, in conjunction
with formality of the project organization, may be important influences
in OSSA project managers’ ranking Managerial Skills (which support
Information and Control functions) more importunt than Conceptual
Skills  (which would tend more to support Planning functions). But
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hoth OSSA and OART project managers rianked Aanagerial and Con-
ceptual Skills o close together thit there mav he e real difference.
(See tab. 3

The lack of any great numeric spreicd in the average ranking reflects
the Lack of i strong consensus winong the project managetrs. The raw
tabular data show that, of the 20 responding OSSA project managers,
woven tank Hunan Skills first, six rank Managerial skills fist, four rank
Conceptual SKills first, and three rank Technical Skills first. Of the
16 OAR'T project managers responding, five vank TTumun Skills first,
six rank Managerial Skills (st three rank Conceptual Skills fivst, and
two rank Technical Skills first.

In interviews, project Managers stress the importance ol adequate
technical skill, but they discriminate between using Technical Skills in
the management sense for broad decision making where aitical trade-
offs lave to be made among systems or subsystems, and the actual
engagement of the project manager in detailed technical work, Unques-
tionably, project managers have to provide technical leadership. The
greater stress upon Human Skills probably is a vesult of the fact that
most project managers come equipped with the Technical Skills, but
not all come cquipped with Human Skills. No matter how brilliant
they are techincally, their project cannot be fully successful without
their providing leadership for diverse people, cnconraging initiative,
coordinating, mediating, and developing the free exchange of infor-
mation and ideas.

There 1s i greater consensus among OSSA program managers about
the relative importance of the four principal program management
skills than there is among OART program managers, and there is a
greater dispersion among the four skill categories for the OSSA program
managers than for the OART program managers. (see tab. 4) The
tabulations show that seven of the thirteen responding OSSA program
managers rank Managerial Skills first, two rank Human Skills first, three

TABLE $8.—Relative Importance of Principal Project Manager Skills
Average ranking

(SSA OART

Principal skill project mgrs project mgrs
(N = 20) (N=16)
Human skills 2.10 2.17
Managerial skills 2.45 2.33
Conceptual skills 2.55 2.30

Technical skills 2.90 3.0
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TABLE 4.—Relative Importance of Principal Program Manager Skills

Average ranking

(SSA OART
Principal skill program mgrs  program mgrs
(N=13) (N--12)
Managerial skills 1.70 2.75
Human skills 2.16 2.09
Conceptual skills 2.54 2.50
Technical skills 3.62 2.67

rank  Conceptual Skills first, and one ranks Technical Skills first.
Three of the wwelve responding OAR'T program managers rank Man-
agerial Skills first, five rank Iluman Skills first, three rank Conceptual
Skills furst, and one ranks Technical Skills first,

The average low ranking by OART program managers ol Managerial
Skills, in conjunction with their ranking Human Skills first, is not in-
consistent with OART program management practices. Most OART
projects operate within a relatively informal Inlormation and Control
system—one which places more reliance upon informal personal con-
tacts than does the more structured OSSA program management system.
This climate of program management in OART can be expected to
change toward stronger emphasis on management, as OART moves
toward more highly focused advanced technology programs under the
1970 rcorganization.

The relatively high rating by OART program managers for Con-
ceptual Skills could relate to the broader function of most OART pro-
gram managers. ‘They are responsible for monitoring a relatively wide
range of advanced research and technology, in addition to acting as
the principal project officers on one or more small projects.

Among the subcategories of Human Skilis (ability to coordinate
group efforts and mediate difterences; communication ol ideas, includ-
ing advocacy: ability to work with others, to generate enthusiasm, and
win the respect of others; capacity to cncourage initiative, responsibility,
and sclf-conurol; and ability to encourage peer-group loyalty and iden-
tification with the project), OSSA project managers and OART project
managers rank their respective first three choices rather closely. (See
tab. 5.) OSSA project managers rank Coordinate and Mediate first,
followed closely by Communicate, and Work with Others. There is a
considerable gap between these three categories and the two others—
Encourage Initiative and Encourage Loyalty. OART project managers
rank Work with Others first, followed closcly by Communicate, En-



66 PROJECT MANAGEMENT IN NASA

TABLE 5 —Relative Importance of Subcategorvies of Human Skills
to Project Managers
Average ranking

OS8SA OART

Human skills project mgrs project mgrs
(N 20 (N =16)
Coordinate, mediate 2,75 3.19
Communicate 2.80 241
Work with others 2.85 2.12
Encourage initiative 3.0 2.81
Encourage loyalty 3.6 1.47

courage Initiative, and Coordinate and Mediate, with Encourage Loy-
alty a distant fifth,

The general pattern which emerges tends, again, to reflect institu-
tional differences between OSSA and OART projects. Except for En-
courage Lovalty, wnich both OSSA and OAR'T project managers rank
last, OSSA project managers tend to emphasize those Human Skills
which can be associated with more formally organized, more organiza-
tionally complex projects typical of OSSA. OART project managers
emphasize Human Skills more closely associated with a small team-
oriented project. For example, while the OAR'T project manager usually
works closely, on a face-to-face basis, with the members of his project
team, the OSSA project manager is more likely to spend a greater share
of his time in trying to coordinate group efforts and to mediate differ-
ences among groups rather than individuals.

OSSA and OART program managers agree on the top three cluster
in the Human Skills category: they rank Communicate first, followed
by Coordinate and Mediate, and Work with Others. (Sce tab. 6.)
OART program managers rate Encourage Initiative closer to this cluster
and a good deal higher than Encourage Lovalty, while OSSA program
managers tend to cluster Encourage Loyalty and Encourage Initiative
closely.

OART program managers probably tend to be more sensitive to
problems of encouraging initiative hecause, in those instances where
programs are originated in OART Headquarters, they must be creative
in encouraging initiative on the part of field installations where they
hope to place the assignment. Often, they must plant ideas in appro-
priate places at a NASA installation and cultivate initiative, so that it
appears to come from within the installation rather than from without.
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TABLE 6.—Rclative Importance of Subcategories of Human Skills
to Program Managers

Average ranking

OSSA OART
Human skills program mgrs  program mgrs

(N=13) (N=12)
Communicate 2.54 2.25
Coordinate, mediate 2.62 2.46
Work with others 2.70 2.84
Encourage loyalty 3.54 4.55
Encourage initiative 3.62 2.92

The agreement between OSSA and OART program managers on the
two most important subcategories of Human Skills accurately reflects
their roles as defined by the orgunization—i.c., as communicators, co-
ordinators, and mediators.

There is considerable difference of opinion between OSSA project
managers and OAR'T project managers about the relative importance
of subcategories of Managerial Skills except for the ones ranked most
and least important—Organization and Personnel, respectively. (See
tab. 7.) The subcategories (the knowledge of and capacity to operate
within the: organizational system—its goals, structures, procedures;
contral system—scheduling, quality control, technical reliability; con-
tracting system—sclection, negotiation, administration; financial man-

TABLE 7.—Rclative Importance of Subcategories of Managerial Skills
to Project Managers

Average ranking

OSSA OART
Managerial skills project mgrs project mgrs
(N =20) (N=16)
Organization L75 1.88
Control 2.65 2.9]
Contracting 3.0 3.25
Financial 3.70 2.88

Personnel 3.95 4.16
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agement system -budgeting, cost control, accounting; and personnel
system-—reeraitment, training, promotion, scparition) arc ranked by
0SS\ project managers in the following order-—Organization, Control,
Contracting, Financial, und Personuel. OART project managers rank
Organization fust, followed by Financial, Conutal, Contracting, and
Personnel.

Where MICS systems are not used in OAR'T, the project managers
tend to use fnancial information and control systems for similar pur-
poses; accordingly, OART project managers rank Finandal very close
to Conurol. Their relatively lower ranking of Contracting than OSSA
project managers probably reflects the comparatively larger amount of
in-house projuct activity in OART, which does not involve, or mini-
mally involves, contractors.

There was complete agreement between OSSA and OART program
managers on the order of importance of the five subcategories of Man-
agerial Skills. (Sec tab. 8.)

Both Contracting and Personnel systems are rated fourth and fifth,
considerably behind third-ranked Financial, 'This is consistent with the
relatively minimal contact or responsibility  that cither OART or
OSSA program managers have with these two principal systems within
NASA. Neither program nor project managers have much leeway in
sclecting members ol their respective staffs, add both groups tend to view
the personnel svsteni as a relatively inflexible one over which they have
minimal influcnce. Although the NASA personnel system can be char-
acterized as flexible, project managers probably rate knowledge about
it as least important to their inumnediate concerns because they have
relatively mfrequent formal contact with the svstem, and there is the
tendeney, within the field installation, to tackle peisonnel problems
through the management system.

TABLE 8.—Relative Importance of Subcategories of Managerial Skills
to Program Managers

Average ranking

OSSA OART

Managerial skills program mgis - program megrs
(N=-13) (N=12)
Organization 1.93 1.17
Control 2.43 2.50
Financial 2.66 2.75
Contracting 3.70 4.21

Personnel 4.31 4.58
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TABLE 9.—Relative Importance of Subcategorvies of Conceptual Skills
to Project Managers

Average ranking

OSSA OART
Conceptual skills project mgrs project mgrs

(N =20) (N=16)
Deccision-making 1.58 1.91
Evaluative 242 2.53
Integrative 3.25 3.44
Problem-solving 3.65 341
Creativity 4.10 3.71

In considering the relative importance of Conceptual Skills (Decision-
Making—the ability to weigh and choose among alternatives; Evalua-
tive—the ability 1o identify and assess problems; Integrative——the
capacity to perceive and assess interrelationships; Problem-Solving—the
capacity to develop potential solutions; and Creativity—the capacity to
develop new ideas and perspectives), OSSA and OART project managers
agree that Decision-Making and Evaluative are most important, and
Creativity least important. (Sec tab. 9.)

Since both OSSA and OART project managers are close in their rating
of Integrative and Problem-Solving Skills, there probably is little if any
real difference in their relative rankings. These choices suggest that the
project managers sce their role as more managerial than technical, since
they place Decision-Making, Evaluative, and Integrative above what
could be considered the more technically oriented skills of Problem-
Solving and Creativity. These are skills that preject managers expect
from their project team members. Uniformly, project managers empha-
size the importance of decisiveness as critical to the project-manager role.

There is similar agreement among OSSA and OART program man-
agers, who rate Decision-Making and Evaluative as most important.
(See tab. 10))

OART program managers may rank Creativity ahead of Problem-
Solving because of the strong planning role they have in developing
advanced research and technology programs, which encompass a variety
of nonproject-like tasks. It is difficult to explain the ranking by OSSA
program managers of Problem-Solving above Integrative Skills since,
in the interviews, OSSA program managers put considerable importance
on the Evaluative and Integrative functions of program management.
There may be a tendency for OSSA program managers to equate
Problem-Solving with Decision-Making.
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TABLE 10.—Relative Importance of Subcategories of Conceptual
Skills to Program Managers

Average ranking

OSSA OART
Conceptual skills program mgrs — program mgrs

(N=13) (N=12)
Decision-making 2.16 2.42
Evaluative 2.31 2.42
Problem-solving 3.00 3.67
Integrative 3.31 3.09
Creativity 4.23 3.42

OSSA and OART project managers agree¢ on the relative ranking
of subcategories of Technical Skills (capacity to apply technical knowl-
edge, well-founded in the fundamentals of technology, and breadth of
technical knowledge in the areas related to his spedalty) . Collectively
they rated Application first, Fundamentals second, and Breadth third.
{See tab. 11))

Given the broad span of knowledge that project managers are ex-
pected to encompass, it is surprising that Breadth is rated so clearly last
among the subcategory of Technical Skills. It may be that, from an
operational viewpoint, project managers believe they personally must
have the capacity to apply technical knowledge and be well-founded in
the fundamentals, while they can look to the project team members
to provide the breadth required. Interviews with field installation senior
officials and Headquarters senior officials indicate, however, that they
place greater importance on Breadth. In all except the largest projects,

TABLE 11—Relative Importance of Subcategories of Technical Skills
to Project Managers

Average ranking

OSSA OART

Technical skills project mgrs project mgrs
(N ==20) (N =16)
Application 1.70 1.62
Fundamentals 1.90 1.81

Breadth 2.45 2.56
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TABLE 12.—Relative Importance of Subcategories of Technical Skills
to Program Managers

Average ranking

OSSA OART
Technical skills program mgrs  program mgrs
(N=13) (N=12)
Application 1.89 1.75
Fundamentals 1.97 2.59
Breadth 2.16 1.65

they expect the project manager to have a full working comprehension
of the technical breadth of the project.

‘There is no agrecement among OSSA and OART program managers on
the relative importance of the subcategories of Technical Skills, OSSA
program mangers rank them in the same order as the project managers,
while OART program managers rank Breadth most important, followed
by Application and Fundamentals. (See tab. 10.)

Their proximity to the research end of the spectrum may cause OART
program managers to view Breadth as more important than any other
Technical subcategory. Since their responsibility goes beyond projects
to include advanced research and technology, OART program managers
have to extend their activities over considerable technical scope covering
both research and development.

PERSONAL CHARACTERISTICS

Personal characteristics are a fourth element of personal equipage
which the project or program manager brings to bear on his job. These
overt manifestations of the manager’s personality have an important
effect on his ability to apply his skills and to perform the functions of
his role. Based on a review of the literature, discussions with program
and project managers, and reactions from the administration of the
questionnaire, 11 personal characteristics were sclected as being relevant
to project or program management.!*

The respondents were asked, “If you were to select the Manager for
a NASA flight project, to what extent should he possess the following
personal qualities? Assume that all have some relevance or desirability,
and make your selection upon the basis of their relative importance.
Select the most important five and rank them in the order of their
importance. . . .” A similar question was asked of NASA program
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managers. The 11 characteristics from which the managers were asked
to select five are: *

1. Directs others, assumes responsibility for decisions and judgment of
others without displacing their function, persuades others (Dominance)

2. Flexible, adapts to change, finds different ways to do things
(Change)

3. Vigorously attacks problems, overcomes obstacles without hesitat
tion, sells his program (Aggression)

4. Develops [ecling of loyalty on the part ot the project team  (Affilia-
tion)

5. Organizes and plans program operations without difficulty {Order)

6. Remains cool, unemotional when confionted with unexpected
problems (Stability)

7. Makes own decisions (Autonomy)

8. Understands and appreciates the problems of others such as sub-
ordinates, administrators, contrictors, superiors {Intraception)

9. Meets challenges, exhibits pride in project mission and individual
performance (Achievement)

10. Takes technical or administrative risks to meet project goals
(Risk-Taking)

11. Sticks with the problem, devotes the hours necessary to accom-
plish the job successtully (Endurance)

A combination of factors was used in evaluating the rankings of the
project managers on this question. An index was used which combined
two factors: (1) the number of times that a characteristic was selected,
and (2) the frequency with which it was sclected as a first, second, third,
fourth, or fifth-place choice.* The higher the vesulting index number,
the more important is the ranking of the particular characteristic.

OSSA project managers reached substantial agreement that Domi-
nance is the most important personal characteristic for project managers.
They gencrally agree that Aggression is second, followed by Change.
(See tab. 13.)

Note the close ranking by OSS:A project managers of those character-
istics following fourth-ranked Affiliation. The OSSA project managers

*In (-l—lz:):ncmhcsrs following cach description is a single key word for the per-
sonality characteristic—this did not appear on the respondent’s questionnaire.

*For example, Dominance was selected by 18 of the 200 OSSA project managers;
therefore, the construction of this index began by assigning 18 points (one for each
time sclected) to the characteristic. Five of the 18 ranked it first, five ranked it sec-
ond, three ranked it third, four ranked it fourth, and one vanked it {ifth. Points were
assigned to cach ranking as follows: five points for cach fist-place ranking, four
points for cach sccond-place ranking, three points for cach third-place ranking, two
points for cach fourth-place ranking, and onc point for each fifth-place ranking. The
total provided the index number of 81 for this purticuiar characteristic,
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TABLE 13.—Personal Characteristics Most Important for
Project Managers

OSSA OART

Characteristic project mgry project mgrs
(N =20 (N =:16)
Dominance 81 56
Aggression 51 25
Change 42 40
Affiliation 34 11
Order 32 37
Autonomy 31 25
Intraception 30 41
Achievement 27 23
Risk-taking 25 7
Stability 23 20
Endurance 18 35

tend to view these 11 characteristics in four clusters: the top three which
represent dominance, aggressiveness, and flexibility; the next four which
represent afliliation, order, autonomy, and intraception (the under-
standing and appreciation of the problems of others); the next three
which represent achievement, risk-taking, and stability; and the last,
endurance.

OART project managers agree with OSSA project managers that
Dominance is the most important single characteristic for a project
manager, and that Change and Order rate in the top five. However, they
see both Aggression and Affiliation as considerably less significant, and
give greater importance to Intraception and Endurance. OART project
managers also tend to group these characteristics into four clusters—
though they vary substantially from the OSSA project manager clusters.
OART project managers rank Dominance as the most important fol-
lowed by a cluster of four: Intraception, Change, Order, and Endurance.
These represent the most important five; they are considerably set apart
from the others. The third cluster consists of Autonomy, Aggression,
Achievement, and Stability, and the lcast important cluster consists of
Affiliation and Risk-Taking.

The difterences between the top five selections of the OSSA project
managers and those of the OART project managers appear to reflect
the important institutional differences also evident in their respective
views of the project manager functions and skills. The organizationally
less formal and more personalized style of management in OART
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could lead to a higher value's being placed on a characteristic like Intra-
ception. 1t is more dithcult to explain the substantial difference in the
ranking of Endurance. In the interviews, both OSSA und OART project
managers emphasized the need for physical endurance which their role
requires—intense involvement for sustained periods and a willingness
to subordinate personal and family interests to the project. The rela-
tively shorter duration of most OART projects may develop a greater
intensity of personal involvement compared to the research and de-
velopment activities from which many ol the OART project managers
came.

The relatively low rating of Risk-Taking. on the surface, appears to
be at odds with the risky nature of project management. However, a
close view of how project managers actually go ubout conducting their
responsibilities reveals that, with few exceptions, they make decisions
about various trade-offs on the basis of what will cause the least disrup-
tion, what is most workable, or what alternative will vequire the least
additional funds, review, or approval. Thus, although the projects in
which these men are engaged have considerable technical and managerial
risks, project managers tend to be conservative in their approach to
decision-making.

Project managers tend to see themselves as dedisive, but rarely are
they in a position fully to make final decisions on a unilateral basts.
Projects are so much a system of interacting elements, the responsibility
for which tends to be dispersed, that project managers arc more likely to
make decisions in concert with others, rather than in isolation. This is
not to say that project managers use i commuttee approach to decision-
making.

The Stability characteristic is not highly rated. A number of project
managers participating in the study obviously are men of strong opinion
and mercurial temperment. The more “hard-nosed” among them tend
to head the projectized organizations. However, project staff and other
field installation officials did not cite any displays of temper by project
managers which seriously affected the project. On several occasions,
senior management officials did express a preference for project man-
agers who are not overly abrasive.

OSSA program managers rank Aggression, Dominance, and Change
closely together, followed by Achievement, AfRliation, and Order. (See
tab. 14.)

Aggression, Dominance, and Change are clearly ranked as most im-
portant by OSSA program managers, but they reflect their institutional
role by ranking Autonomy last. This represents a considerably weaker
capability to act independently than that of project managers.

OART program managers judge Order and Doninance most impor-
tant, followed by Change, Aggression, and Lndurance. Order supports
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TABLE 14.—Personal Characieristics Most Important for
Program Managers

OSSA OART

Characteristic program mgrs  program mgrs
(N=13) (N==12)
Aggression 35 28
Dominance 35 37
Change 34 28
Achievement 29 19
Afhliation 26 7
Order 25 37
Risk-taking 21 3
Intraception 17 22
Endurance 16 28
Stability 16 17
Autonomy 6 14

the OART program manager’s role, which places heavy emphasis on
planning; Endurance suggests a logical supporting personal character-
istic for the wide range of technical activities and the broad scope of
subject matter with which OART program managers must deal. Like
their OART project manager colleagues, OART program mangers see
relatively little value in the Affiliation characteristic. Although Intra-
ception is not among the top five OART program managers’ selections,
it is ranked sixth,

The pattern of response seems to reflect the genuine differences in the
organizational environments of OART and OSSA. In OART, the
less formal control and management systems, coupled with the more
research-oriented than development-oriented environment, place a
greater premium on those personal characteristics contributing to an
informal management system, and a lesser premium on those charac-
teristics contributing to the development of organizational or project
loyalty.

The scatter of choices at both the program and project manager
levels suggests that there is no single set of characteristics which can
be identified with successful program or project management.



8. Operational Style: How Project and
Program Managers Approach Their Jobs

THERE ARE NUMEROUS CUEs in the overt actions or statements of project
and program managers which provide keys to then operational styles.
The five cues consistently sought in this study are: (1) how the man-
ager says that he spends his time on the principal functions; (2) how
the project or program manager collects and uses key information on
the status of the project, and his principal means ol control; (8) how
the manager selects, organizes, develops, and usces the project team; (4)
the manager's personal orientation in approaching certain general classes
of problems; and (5) the manager’s view on the systems by which he
is evaluated and rewarded.

HOW THE MANAGER SPENDS HIS TIME

The relative amount of time the project manager spends on each of
the four principal project functions varies considerably depending upon
the stage of the project. For example, in Phases A through C (which
encompass the early study, leasibility. and design stages,), greater time
is spent on functions of project planning and technical consultation.
Once the project moves into Phase D {execution), the emphasis tends
to shilt toward project information and control. and to motivating and
directing the project team. All but a few of the projects included in this
study were in the execution stage. But where a project includes a series
of flights, one flight might be in the late stages ol execution, while an-
other is in the very early stages where design modifications based upon
flight experience can cause a reemphasis on the planning and technical
consultition functions.

OSSA project managers, on the average, spend relatively more of their
time on the project team function (30 pereent). closely followed by
project planning (27 percent) . (Sce tab. 15.)

The wide range in the percentage of time spent on each of the four
functions emphasizes the considerable difference from project to project,
and the lack ol any strong consensus except that Project Team generally
vates most important and Technical Consultation least important.

OART project managers generally operate much less formally and

76
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TABLE 15.—Percent of Time Project Managers Devote to Each of
Four Principal Functions

OSSA
project managers project managers

Average  Rangeof  Average  Range of

Functions time spent, time spent, time spent, time spent,
percent percent percent percent
Project team 30 15-73 25 10-60
Project planning 27 10-60 28 5-50
Project information 24 2-45 31 10-60
and control
Technical consultation 18 5-55 16 5-50

in a less highly structured organization than do OSSA project managers,
but they claim to spend relatively more time on Project Information
and Control activities, ranking this function ahead of Project Planning
and Project Team. This is the reverse of what one might expect, in
light of the institutional differences. The same type of broad spread
in the range from project to project on each of the four functions is
evident for OART project managers, as it was for OSSA project man-
agers. Those OART projects where the managers claim to spend  as
much as 10 percent or more of their time on Project Information and
Control activities tend to be those in which there is sizable contractor
activity. One reason why OART project managers scem to spend rela-
tively more time on Project Information and Control activities than do
their OSSA counterparts is that the staff of the OART project manager
usually is very small, requiring him to handle Project Information and
Control activities, which, on the larger OSSA flight projects, would be
undertaken by a project staff member rather than the project manager.
OSSA project managers, because of the substantially larger project staff,
are less burdened directly by Project Information and Control activities
or Technical Consultation. They apparently find it necessary to invest
more time on Project Team activities, in order to develop an adequate
sense of cohesion and single purpose.

Although there is some variation in the relative percentages, there
is remarkable congruity among OSSA and OART program managers
on the time spent on each of the four principal functions. (See tab. 16.)

The estimates of the program managers closely fit the relative im-
portance of the project management functions defined by the organiza-
tion as the institutional role of the program manager. Two-thirds or
more of the program manager’s time (both OSSA and OART) is spent
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TABLE 16.—Percent of Time Program Managers Devote to Each of
Four Principal Functions

OSSA OART
rogram managers JHOZram managers
o ] =]

Average  Rangeof  Average  Range of

Functions time spent, time spent, time spent, time spent,
percent percent percent percent
Project information 40 10-70 37 5-70
and control
Project planning 28 20-50 29 10-50
Project team 19 H-40 20 5-75
Technical consultation 13 5-30 15 5-30

on Project Information and Control or Project Planning functions.
Although the range shows substantial variation from project to project,
the ratio from function to [unction is remarkably consistent with the
institutional role.

There is a relatively narrow range among program managers for
Technical Consultation compared with that of project managers. This
suggests that program managers, as a group, 1ecognize and generally
accept a broad managerial role, rather than a role of technical leader-
ship or technical innovator.

INFORMATION AND CONTROL

Project managers place principal reliance fo Information and
Control functions upon a well-developed but informal system of inter-
personal relationships. None relies heavily upon formal systems. This
particular style of operation reflects the stage ol most of the projects
included within this study at the time of the interviews. The vast ma-
jority of the projects were in Phase D. The formal Information and
Control systems are developed in conjunction with the planning stages
of a project and, from that point on, are used principally as reference
points in major formal reviews.

In the order of frequency of use, the modes ot information collection
and exchange used by project managers are: (1) telephone and ad hoc,
informal person-to-person discussions; (2) formal meetings such as con-
tractor conferences, plant visits, regularly scheduled project staff meet-
ings, design and status review meetings; and (3) written documents
such as letters, memoranda, special reports, the Project Plan, the MICS,
and the POPS.
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Although the formal systems tend to be stressed in descriptions of
project management, the managers make only limited use of these
means of communication. Written documents are viewed as most useful
for historical, legal, base-line, and reference purposes. Even the most
extensive computer-driven systems are unlikely to provide both accu-
racy and timeliness on the up-to-the-minute status of a project during
the execution stage. Although such systems are capable of providing
timely information, most project managers are leary of their accuracy,
because of the human tendency to conceal problems and be optimistic
in order to buy time for problem solution. Such concealment is easier
on standardized forms or written reports than it is in face-to-face or
telephone communications.

Another factor limiting reliance upon formal written reporting sys-
tems for project status is the cost and effort of keeping them updated—
especially if they involve computer operations. Project managers view
most written information systems as existing primarily for the use of
upper management—field installation management and NASA Head-
quarters management. Project managers resist assigning technical staff
to report writing. Frequently, on the larger projects, the administrative
support staff has the responsibility for coordinating and developing
reports.

Like written reports, formal review meetings generally are looked
upon by project managers as useful for producing information and
understanding for upper management levels rather than the project
team. Obviously, these meetings do have some direct value to the project
managers; they provide better understanding among decision elements
in the field installation or in Headquarters, and they pave the way for
favorable decisions about the project. However, project managers hold
similar meetings with contractor personnel in the process of detailed
review of systems and subsystems. Where the design and flight readiness
review systems are highly formalized, such as on large spacecraft proj-
ects, project managers suggest that such reviews could be more fruitful
if those who attend representing higher levels are well-prepared to par-
ticipate in the review, having read the available background documents.

What kinds of information do project managers usually concentrate
onz Generally, the order of priority is: (1) unresolved technical prob-
lems, (2) systems and institutional interfaces, (3) resources, (4) sched-
ule, and (5) personnel problems.

The project manager can be inundated with technical information
and advice. The term most frequently used by the project manager in
describing how he goes about evaluating the advice, particularly where
he lacks firsthand experience, is “engineering intuition.” Where the
project manager has confidence in his own background and knowledge
in an area, he relies upon that. When the project manager respects the
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person oftering the advice both personally and professionally, obviously
he is less inclined to question the advice. Most project managers con-
sciously or unconsciously pass technical advice through four filters which
help them to weigh its adequacy and components. These are: (1) an
evaluation of the man proposing the action, focusing upon the indi-
vidual's competence and what are judged to be his motives in proposing
this specific advice: (2) an assessment of the logic of the proposed
action and its consequences; (3) a comparison with the project man-
ager’s own knowledge and experience even though it may be peripheral
—here the project manager tends to reason by analogizing; and (4) a
comparison with the recommendations of others whose expert judgment
the project manager respects based their past experience and reputation.
These seem to be the principal components ol what project managers
call engineering intuition.

Aside from the specific assignments of responsibility and resources
made in the Project Plan, control over the project team by the project
manager may vary considerably depending on whether the organization
is projectionized or matrix organized. Even though principal project
personnel may not be assigned administratively to the project manager,
he may exercise authority over these project personnel as far as project
responsibilities and tasks are concerned. Irrespective of the type of
project organization, project managers emphasize motivation of the
project team; they keep its importance constantly at the forefront of
their consciousness. The project manager has to keep the project sold
both to the project team and upward to the field installation manage-
ment and to NASA Headquarters. One must recognize that a project,
by its very nature ol concentrated focus upont a nujor task, carries a
significant degree of motivation at the outset. Project managers seek
to reenforce such spirit as an Important means of accomplishing the
project objectives.

Most project managers encourage the free flow of information on an
informal Dbasis laterally and vertically throughout the project team, and
to related or interested organizational components. However, they closely
control the outward flow of such writtent information as correspondence
with NASA Headquarters, contractors, other field installations, or the
field installation management. Limiting this outward flow through
well-defined and recognized points reduces confusion on the part of
these outside clements as to who can speak with authority on what
aspects of the project. Even verbal communication with contractors that
involves technical, resource, or schedule changes tends to be carefully
controlled in order to prevent confusion and misunderstanding.

The principal differences between OSSA project managers and OART
project managers center upon the size and complexity of the project.
Most OSSA projects are more formally organized, they more frequently
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use formal control systems. For example, OSSA has institutionalized
the MICS for all its flight projects. "This Information and Control sys-
tem is used by fewer than hall of the OART projects covered—only
flight projects and the large ground-base prool-of-concept experiments.
Another example is the rather extensive reliability and quality assur-
ance review and control systemon space flight projects. Although
many project managers believe that this function js overdone, NASA
management supports strong programs of testing and documentation
as the base from which to remedy failures or inadequate performance
when such occur. OART flight projects and large proof-of-concept ex-
periments tend 1o follow the same pattern, However, most acronautics
projects do not use an extensive reliability and quality assurance control
system. One OART aeronautics project manager criticized the extensive
OSSA control system by obscrving “I monitor results, not procedures.”

Program managers follow much the same pittern as do project man-
agers on Information and Control activities, Although they are within
the formal system more than project managers, they also tend to rely
upon informal sources and methods for obtaining the most up-to-date
information on project status, A Program manager depends more on
face-to-face discussion and telephone conversations with his project
manager and project staff than he depends on regular written reports
forwarded from the ficld installation. Even where written documents
provide the basis for the latest information on project status, these
frequently come through informal channels. For instance, where the
relationship between the program manager and the project manager
is excellent, the program manager usually receives a copy of the weekly
or monthly PMR as it goes to the field installation Director. The project
manager sends this report directly to the program manager, not through
the formal line channels.

Program managers spend most of their time on the same classes of
problems and information as do project managers, Program managers,
however, emphasize systems and institutional interfaces, resources, and
schedule problems ahead of unsolved technical problems, since technical
problems are the province of the project manager and his team.

Program managers are not in a position to do much motivating or
even technical problem-solving at their level. The control system varies
considerably among program managers; it is based essentially on the
project manager's (and the field installation director’s) estimate as to
how accurately and with what authority the program manager speaks
for NASA Headquarters Mmanagement. It is upon this base that the
program manager makes his influence felt in the myriad of formal and
informal contacts—from major project reviews to informal telephone
conversations—in the process of exchanging and collecting information
and exercising NASA Headquarters’ project-control responsibilities,
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THE PROJECT TEAM

In the broadest sense, the project team indudes all of those in the
ficld installation, in NASA, and the contractors working divectly on the
project. It is upon this group that the project maniagers focus their
attention during project execution. In the more limited sense, the
project team refers to the staff of the Project Othce und other members
of the field installation responsible to the project manager for particular
tasks or functions. Defined in this more limited way, a project team
will vary [rom about ten or twelve to several hundred members. Even
a relatively small in-house project may have a staft of several hundred
at the point in time when spacecralt integration and testing 1s in prog-
ress. The staff in the immediate office of the project manager will vary
from one or two on small matrix-organized projects to as many as 70
on a large observatory satellite with a projectized organization.

Most project managers prefer to have theb project staffs assigned
directly to them, or at least moved into close physical proximity to
them. Among the few stafl members in the office ol an in-house matrix-
organized project, the project engineer and the principal systems man-
ager usually are assigned on a functional basis—that is, assigned to the
project manager for technical task supervision but not for pay, promo-
tion, or disciplinary purposes.

Project managers have limited opportunily to select project team
members, since staft availability and project needs rarely coincide fully.
On the larger projects, the manager may have an opportunity to select
the principal systems managers from several alternative candidates. On
the in-house matrix-organized projects, however, teiam members usually
are selected by the heads of the supporting divisions. Generally, division
directors do not pass off mediocre staft on the projects, especially in the
initial staffing. Their divisions are being represcnted on a highly visible
project, and it is to their credit to assure that keen, competent people
are assigned to the project.

Project managers are in close, daily contact with the team members;
they recognize the need to take the leadership in keeping team members
fully informed and encouraging a team spirit. They also believe in the
clear identification of authority and responsibility. though project staft
do not always corroborate that this belief is carried out in practice. Most
project staffs believe that they receive gencrous support and attention
from the project manager. Most also acknowledge that their project
manager is vigorous and fair in bestowing recognition on team mem-
bers and in rewarding them to the best of his capability within the
constraints of the management system and the held installation practices.

Those project managers who seem to have developed closely knit proj-
ect teams decentralize problem-solving, emphasizing technical problem-
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solving at the level where both the problem and the most experience
reside. The project manager or major systems managers are expected to
enter into the problem-solving process only to resolve serious conflicts
with impact on related components or subsystems, or on schedule or
cost. Project team members arc encouraged to feel a sense of responsi-
bility for problem-solving at their respective levels, within the assigned
guidelines of performance, resources, and time.

When unresolved problems do come for decision to the project man-
ager level, the better managers seek quick decisions. This does not mean
that the alternatives have not been thoroughly investigated. The alter-
natives usually have been well threshed over as the problem moves up
the line. The purpose of quick decisions is to ensure that the human
energy in the project team is directed toward implementation of deci-
sions rather than in protracted and conflicting advocacy.

NASA presents a mixed picture on the question of top-level manage-
ment support for the projects. Nearly all the project managers acknowl-
edge a good rapport with their field installation management, though
the degree of support—in terms of resources, not moral support—varies
from project to project according to the project manager’s perspective.
The more large flight projects there are in a field installation, the less
the project manager views the installation management as supportive of
his particular project.

There is considerable variation among the field installations on the
use and understanding of priorities either among projects, or between
projects and other field installation activities. Project managers at ARC
and FRC attest that the installation director clearly assigns priorities
among the major projects and other principal activities in the installa-
tion. At both ARC and FRC, the director frequently reviews the pri-
orities in order to shift support in accordance with project status,
special problems, and ad hoc tasks. An informal priorities system is
acknowledged at the LeRC, and one is “understood” at LaRC, although
the director does not establish specific priorities among projects, except
for Viking which is the largest unmanned project assigned to Langley.
Both installation management and project managers at GSFC acknowl-
edge that no particular priority system exists among projects there.

Program managers are virtually without staff. An OART program
manager is fortunate to have a full-time secretary. Fewer than half of
the OSSA program managers have any professional staff assistance. Gen-
erally, it is a one-man operation, with occasional help from functional
or discipline-oriented experts located within the Headquarters division,
but not answerable to the program manager.

The program manager’s perspective on the project and the project
team is several levels removed from that of the project manager. Even
more than the project manager, the program manager depends upon
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an ad hoc, but carefully developed, informal system of interpersonal
relationships. His role requires him to see the project in the broader
terms of its relationship to NASA program goals. Although both project
managers i project staft acknowledge a cordial relationship with their
respective program managers, the program manager's role as the Head-
quarters monitor and enforcer of project constraints and program goals
places him in a position outside the intimate circle of the project team.
There are some notable exceptions, where the axis of relationships
between the program manager and the project nanager is so close with
respect to project goals that the program manager is acknowledged as
a member of the project team.

Most project managers see the program manager as the project rep-
resentative in Headquarters, helpful in keeping the project sold and
in obtaining necessary resources, but usually hining little technical
impact on the project. This viewpoint is more representative of the
execution stage of the project than of the planning period, when the
program manager plays an especially critical role in developing and
coordinating the Project Plan and the PAD. Both OSSA and OART
project managers tend to view the program manager’s vole in this light.
In OART, the shorter duration of projects and the Lroader scope of
technical respousibilities within the purview of project managers oc-
casionally result in the project manager’s acknowledgment that the
program manager has had a technical impact on the project. All project
managers acknowledge the importance ot the program manager in
working with such external groups s interested agencies outside NASA,
the Office of Management and Budget, and Congress in the authorizing,
funding, and coordination ol principal projects.

PERSONAL ORIENTATION AS A CUE TO OPERATIONAL STYLE

In order to bring further evidence to bear on the operational style
of project and program managers, information was collected about their
personal orientation on four aspects or dimensions of their jobs. These
dimensions were: (1) professional—that is, technical versus managerial
orientation; (2) vocational—task, interaction, or sclf-oriented; (3) or-
ganizational—upward-, peer-, or downward-oriented; and (1) time-
perspective—short-range versus long-term.

These particular dimensions were selected because the literature sug-
gested that, generally, project managers are professionally managerially
oriented, vocationally task-oricnted, organizationally downward- or
employce-oriUItcd, and usually have a shortrange time perspcctive.
Data on professional and organizational orientation of project managers
were collected by Dr. Keith Davis in his study of industrial project man-



OPERATIONAL STYLE 85

agers.!® Bass and Dunteman used a similar technique in collecting infor-
mation on the vocational orientation of engineers.16

The questionnaire, completed by the participating project managers,
presented a bricf series of hypothetical circumstances used as the back-
ground for answering four forced-choice questions, one for each dimen-
sion. The questions were put to the project managers in the following
manner:

Your fiight project has been hampered by an inability to get the Center’s
Technical Division to be fully responsive to your schedule for providing
technical assistance. The Division Director has agreed to meet with you late
this afternoon to resolve the problem. About 30 minutes before the meeting
you are notificd that the flight model has encountered an clectrical systemn
failure during cenvironmental tests, and the cause scems to be a number of
bad transistors. You have control of the test facility for five more days.
Without higher level intervention, your next access will come in another
three months. Which would you do?

—Cancet the meeting and immediately uy to pinpoint the difficulty via
telephone to the test facility, and decide on further action or alterna-
tive test plans.

—Go to the meeting as planned, relying upon project and test staff to
pinpoint and confirm the cause of the failure.

You have recently been promoted to Deputy Director for the Center. During
your last weck on the project, you are to work with the individual who is to
take your place as Project Manager. He is an engineer with good qualifica-
tions and background cxperience, but has never managed a project. You
have only this week to help him and offer guidance. Which of the following
do you think should be stressed? (Choosc onc in each category—a, b, and c.)

a
—The importance of getting the job done
—The necessity of maintaining harmonious

interrelations
—Thc opportunities for personal satisfaction
which the job entails

b
—Current flight objectives
—Program goals

—Project success depends most upon his
relations with Center management and
NASA Hcadquarters

—Project success depends most upon his
relations with his fellow Project
Managers

—Project success depends most upon his
relations with the Project Team (those
at the Center, in the Agency, and
contractor working directly on the project)



86 PROJECT MANAGEMENT IN NASA

The results tend to confirm the inferences drawn from the project
management literature that project managers tend to be managerially-
oriented, task-oriented, project-team oriented, but they do not neces-
sarily have a short-range time perspective. (See tab. 17.)

About 60 percent of the OSSA project managers responding indicate
a long-term or program-goal orientation, rather than a shortrange,
current-objectives orientation, OART project managers are evenly di-
vided. The relatively longer life cycle of an OSSA project may cause
OSSA project managers to lean more heavily toward program goals
than OART project managers.

Both OSSA and OART project managers probably are more task-
oriented than the questionnaire results suggest. Project managers con-
sistently exhibit a “getting the job done” philosophy in interviews. Quite
possibly, task orientation is so much sccotd nature to the project
managers that this choice was not seen as realistic by those who opted
for harmonious relations or personal satisfaction, There are no clear,

TABLE 17.—Personal Ovientations of Project Managers Along Four
Dimensions: Professional, Vocational, Time-Perspective,
and Ovganizational

Number of Number of

0O85A OART
project project
Orientation managers managers
) (N == 20) (N=16)
Professional:
Technically oriented (cancel meeting) 2
Managerially oricnted (attend meeting) 16 11
Vocational:
Task-oriented (getting the job done) I 9
Interaction-oriented (harmonious 7 5
relations)
Self-oriented (personal satisfaction) 2 2
Time Perspective:
Short-range (current objectives) 8 8
Long-term (program goals) 12 8
Organizational:
Upward-oriented (toward superiors) I
Peer-oriented (toward fellow project
mgrs)
Downward-oriented (toward project 19 16

team)
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consistent differences between OSSA and OART project managers along
these four dimensions of orientation.

Program managers were asked these same questions, altered only to
provide greater contextual meaning for them. A review of the formal
responsibilities of the OSSA and OART program managers suggested
that they would share the same principal orientations as project man-
agers—except Time Perspective, where program managers would have
a long-term or program-goal perspective. The questionnaire results par-
tially bear out the suppositions. (See tab. 18.)

There is very strong consensus among OSSA and OART program
managers; OSSA program managers do vary, however, on the question
of Time Perspective. A bare majority show a shortrange or current-
objectives type perspective—just the opposite of what was expected, and
a relative turnabout compared to their counterpart project managers. A
closer examination of the kind of program managers who select current
objectives over program goals shows that nearly all of them are program

TABLE 18 —Personal Orientations of Program Managers Along Four
Dimensions: Professional, Vocational, Time-Perspective,
and Organizational

Number of Numpber of

OSSA OART
program program
Orientation managers managers
(N=13) (N=12)
Professional:
Technically oriented (cancel meeting) 1 1
Managerially oriented (attend meeting) 12 11
Vocational:
Task-oriented (getting the job done) 12 12
Interaction-oriented (harmonious
relations)
Self-oriented (personal satisfaction) 1
Time Perspective:
Short-range (current objectives) 7
Long-term (program goals) 6 11
Organizational:
Upward-oriented (toward superiors) 1 1
Peer-oriented (toward fellow project
mgrs)
Downward-oriented (toward project 12 11

team)
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managers of large observatory satellite projects. These projects usually
run over a period ol seven to ten years when multiple flights are in-
volved. One program manager probably put his finger on the explana-
tion to this unexpected result when he acknowledged that short-run,
current problems frequently overwhelm a programm manager, since he
has vather broad responsibility and Tittle o1 no stafl support. He may
tend to focus almost exclusively on the nest critical event such as
preparing for aomajor launch, pulling together naterial for a budget
justification or for a Congressional hearing. o1 nving to obtain admin-
istrative clearance for a contract change. Regardtess of whether this
particular assessment is correct, the fuct that o majority of OSSA pro-
griun managers select the shortrange tme perspective as most important
is indicative that the long-term or programegoal petspective may be
shortchanged at the very level where it should be emphuasized—NASA
Headquarters.

OART program managers opt 11 to 1 for the long-term perspective.
Since most OART program managers are responsible for one or more
projects, as well as lor a substantial variety ol advanced research tusks,
the breadth of responsibility may enforce a bioader, longer-term pro-
gram perspective,

THE SYSTEM OF EVALUATION AND REWARDS

Evaluation of Project Managers

Project managers agree that the single most important criterion
used 10 evaluate their performance s technical success: Did the flight
or experiment perform its function satisfactorily and return usable
datar Like the manager of a losing baseball team, the manager of a
project whose flisht fails to return any usctul data is a candidate for
replacement.

Next to technical success, most project managers believe that they
are judged by whether or not a project is completed more or less on
schedule and without substantial increases in cost. These perceptions
by the project managers are an accurvate reflection of what the field
installation management expects. Many project managers, however,
underestimate the value that senior olhcials place upon organizational
serenity. Top management wants project success, il wants projects to
be completed on time and within cost estinnutes, but it also wants the
projects to be carried out without serious disruption to organizational
relationships, including personal ones, or those between the field instal-
lation and NASA Headquarters or other organizations, The project
manager who achieves success at the expense ol serious organizational
disruption is unlikely to advance.
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Several project managers suggest that a stoothly run project may
not receive the same acclaim as one which experiences serious difhiculey
andd then recovers. The point was made that the project which goes
along without serious dificulty rarely comes to the attention of senior
management or evokes intense interest. This suggests that “management
by exception” may not be an adequate approach to take to project
management.,

Because senior officials look for more than technical success and stay-
ing within schedule and cost, it is worth citing at least two sets of
criteria used at different ficld installations. The Director ol the Langley
Research Center uses the following to evaluate project manager per-
formance:

1. Does he meet project milestones?

2. Does he perform quality work?

3. Is he eftective in organizing the project team?

4. Does he anticipate problems and seck to head them off?
5. Is he willing to push himself?

The Director of Projects at GSFC uses a similar sct of criteria:

I. Has the spacecralt been a success in orbit; if not, is the failure or
partial failure excusable (that is, did the project manager ask for the
resources he needed when he needed them, even il he did not obtain
them) »

2. Has the project been on schedule?

3. Has the project been accomplished within costs (based upon com-
parable expericnce with other projects) ¥

4. Has the project manager heen sensitive to the future of the pro-
gram? Has he demonstrated inventiveness in improving it technically or
in program planning for the [uturcs

5. Has the project manager been successful at the expense of intra- or
inter-installation relationships, or has he been a technical and financial
success at the cost of seriously disrupting the organization?

6. Has the project manager facilitated an open-management and
information environment which accepts reasonable criticism and useful
exchange of technical information;?

Program managers also believe that technical success is the most
important criterion by which they are judged, though they are less
likely to be replaced in the event of a flight failure. There is close
agreement between the program managers and their superiors that the
successful technical performance, and cost and schedule considerations
are important, but that of equal importance are organizational serenity
and a system of effective, open communications. Headquarters senior
officials are particularly conscious of the delicate balance between the
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Headquarters and field installation organizations, and they become un-
happy if any heavy-handedness on the part of a program manager tends
to disturb that balance. They expect program munagers to resolve most
differences with the project team informally without having to resort
to the formal management system and the intervention of the Head-
quarters division director.

The program manager is expected to look ahead and to anticipate
potential troubles so that neither he nor his superior, the Division
Dircctor, is caught unawares. Headquarters division directors expect to
be kept informed without being deluged with unnccessary information.
Division directors and program mimagers agree that this “doctrine of
no surprises” works in both directions—that i, upward for project
information and downward to the project tcam on program decisions
and problems.

Rewards of Project Management

Most project managers are attracted to their jobs by the technical
and managerial challenges that a major flight or acronautical project
offers. Project management poses a test of their technical skills, their
capacity to learn new things, and their ability to organize and manage
a large endeavor. Once they become project managers, most enjoy the
project responsibility, its fast pace, and its excitement. To lead the
development of a project from its concept through a successful flight
gives them a sense of fulfillment. The project managers oversee the
hardware design, see it take shape, plan and monitor the testing, and
play a key role in the actual flight and return of data. Being the head
of such an endeavor produces great personal satisfaction in spite of the
intense mental, emotional, and physical demands.

The great majority of those project munugers interviewed—and
particularly those on the larger, more projectized efforts—desire to
remain in project management at the conclusion of their current
projects. When confronted with the hypothetical choice of taking over
the leadership of a new project or moving up in the field installation or
NASA management which would take them out of active project man-
agement, most unhesitatingly choose a new project.

Many of the same attractions motivate the men who enter program
management. Rather than in the daily challenge of directing a major
project, however, program managers find their rewards in broad tech-
nical and managerial responsibility, a variety of contacts, and re-
sponsibility that covers greater scope than project management. Program
managers obtain satisfaction from the opportunily to influence broad
decisions at the NASA Headquarters level. They are not unaware of the
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potential opportunity to move up to positions of greater authority
within NASA management.

Generally speaking, the financial return for either program or project
management is good—usually commensurate with senior technical
management positions. Project or program management also provides
an opportunity to broaden one’s area of competence, but at some risk
of losing both technical edge and technical identification. Program and
project managers are highly visible and thus in a position to receive
substantial organizational recognition when the project is successful,



9. Project and Program Managers:
A Summary Profile of the Men and Their
Qperationa| Style

THAT PORTION OF THE LITERATURE ON pProject mianagement which ad-
dresses the personal skills, attributes, or characteristics of project man-
agers tends to produce such an impressive list as to make one wonder
whethier or not such giants of virtue really exist.'™ In NASA, though the
criteria for project or Program managers are impressive, there is wide-
spread agreement that all the qualities needed for project or program
management are rarcly, if ever, to be found in a single individual. The
emphuasis is upon building a project team within which the key members
play complementary and balancing roles with respect to the presence
and strength of personal skills, experience, and characteristics.

No single, though composite, profile can represent the variety of
NASA project and program managers. The significant differences in
the respective roles of the project and program mManagers require a
somewhat different emphasis upon even common attributes. Similarly
the character ol project or program management generally varies
enough between OSSA and OART to justily describing them sep-
arately.

Before a profile of NASA project and progiam managers, it is useful
to sketch the elements of an ideal manager as described by NASA
project and program managers, and by field installation and Head-
quarters senior officials. Irrespective of organization there is agreement
among NASA officials on the key characteristics or attributes that a
project manager should possess.

First, he should have demonstrated technical competence, have
relatively broad experience, preferably as an cngincer with some sys-
tems experience. The strong technical background is needed for two
reasons: (1) he must be able to comprehend the inter-relationships of
the many complex technical elements that make up his project; and
(2) he must be in a position to command the technical respect of his
staff. Irrespective of his other attribules, a project manager who does
not command the technical respect of his stait will have serious diffi-
culties, if not outright failure.

92
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Sccond, all agree that the project manager must have the ability
to work effectively with a wide variety of people, to build a cohesive
project team.

Third, he should have demonstrated management capacity; he
should have successfully organized and managed a task or operation of
a magnitude permitting some comparison with the project that he is to
direct.

In seeking project managers with these characteristics, officials at the
various NASA field installations follow a variety of practices. Most
seek project managers from those people who have served as principal
members of a project staff—an assistant project manager, project engi-
neer, or major systems manager. Project managers rarely are sought
outside the field installation, as a knowledge of the installation or-
ganization, both formal and informal, and the professional staff is of
great value to the manager of any project whether or not it is organized
along projectized or matrix lines.

Program managers should possess the same characteristics as do suc-
cesstul project managers, although they are expected to be less aggres-
sive and to have a broader organizational perspective. The program
manager needs to recognize that his is a staff, and not a line, position;
he is not expected to run the project but he has a responsibility to see
that the project contributes to broader program goals and to help it
succeed in reaching these goals. He must support the project in every
way he can without becoming a captive of it and losing his capability
to be critical.

Both field installation and Headquarters experience help program
managers to achieve a balanced perspective and to understand the
critical problems at both levels. Most OSSA program managers are
recruited from program staffs. Most of the OART program managers
tome from project management posts in NASA field installations or
in industry.

Because his role involves considerable liaison and the interpretation
of the project to a wide variety of organizations, the program manager
must have the ability to communicate well both verbally and in writing.

A number of NASA senior officials express the opinion that project
and program managers should complement one another. Conscious
consideration should be taken of this at the time of their selection—
preterably selecting them in tandem.

Generally, OART program managers deal with a wider range of
small projects and advanced research tasks than do their colleagues in
OSSA. "This suggests the need for greater emphasis on technical breadth
and knowledge, if they are to perform their dual roles as leaders of
projects and coordinators of broad technical programs,



94 PROJECT MANAGEMENT IN NASA

THE PROJECT MANAGER

The typical NASA project manager is in his mid-10s, outgoing, self-
confident, aggressive, articulate, and genervally optimistic. He has more
than three years of project management cxperience in addition to
about 15 years of engineering design, researcht and development, or
testing experience in NASA, industry, or the military. I he is managing
an OART project, more likely than not he grew up in the NASA (or
NACA) engineering system.

He sces his two most important {unctions as: (1) organizing, di-
recting, and mwotivating the project team; and  (2) maintaining an
awareness of, evaluating, and acting to control critical factors in project
progress. The OART project manage places project planning above
either project teamn or project information and control functions.

Although he brings an impressive array ol personal skills to his job,
the project manager places greatest importance on human skills such
as the ability to coordinate group effort and mediute differences, the
communication of ideas, including advocacy, and the ability to work
with others hy generating enthusiasm and winning their respect. Even
though his job involves a major technical undertaking, he views
managerial and conceptual skills as relatively more important to him
than technical skills, which are available in abundance on his staff.
It is probably because he, personally, has considerable technical skill
that he values the other skills more highly. He would not have been
considered for the job had he not demonstrated excellent technical
ability. The OART project manager fits much this pattern, though he
ranks conceptual above managerial skills.

The project manager is not a lonely man. The great bulk of his
working day (he often averages ten hours a day, six days a week), is
spent with other people—members of his project staff, Headquarters
officials, officials from supporting divisions at his field installation or
other NASA installations, contractor representatives, or visitors having
some interest in the project. The amount of puper generated in the
course of a project is mountainous. The project manager finds face-to-
face and telephone exchanges the most valuable means of staying on
top of the many activities involved in managing a project. The highly
touted formal systems for information and control are used for his-
torical, legal, base-line, and reference purposcs--not for timely decision
making. Much of the information he receives is filtered through a
project staff member. An OSSA flight project manager may have a staff
of more than 50 people assigned directly to him. This encourages him
to spend considerable effort in organizing the project team, learning
their strengths and weaknesses, and molding themn into a real team.
By contrast, the OART project manager usually has a small staff and
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may find himself involved in more of the management paperwork
than his OSSA colleague, in spite of OART's less extensive and less
tormal management system.

Regardless of how the project is organized and the organizational
authority associated with it, the project manager tends to rely most
upon the authority of knowledge—his personal technical knowledge,
his capacity to make the complex NASA organization serve the project
needs, and his ability to lead his project team through a labyrinth of
frustrations and challenges. To the project manager it seems as though
everyone wants to get in on the act. Higher management at both the
field installation and NASA Headquarters is viewed as too frequently
restricting alternatives, creating additional checks to the project man-
ager’s capacity to maneuver, and incessantly requesting more and more
detailed information. Technical obstacles multiply while technical sup-
port and financial resources seem to dwindle. Some managers meet
these challenges with quiet patience, others with vociferous, if not
aggressive, determination to beat down bureaucratic obstacles—but all
do it with a self-confident command of the facts and alternatives in
each case. The project manager is careful—almost to the point of
being conservative—about details involving major points of decision
in order to reduce risks and perturbations in both the technical and
management systems. He relies upon his team to work out problems
and to present him with alternatives which are well thought out and
well documented. He tests the team’s advice against his own experience,
the advice of others, its own internal logic, and the evaluation of the
man offering the advice; this is collectively termed “engineering in-
tuition.” Then, in conjunction with his team, he decides. But no
matter how broad or extensive the consultation, there is no question
about who has the final decision.

Virtually every project manager must overcome the temptation to
deal with technical problems in too great a depth. Most overcome this,
effectively delegating responsibility and accepting the role of manager
rather than technician. The project manager has a single-minded drive
to complete the project successfully—"see it fly” as planned. He is
acutely conscious that the project team, not NASA Headquarters or the
field installation management, is the key to making the project a
success.

In terms of personal perspective, the project manager considers him-
self a manager and not a technician. He is most interested in getting
the job done with personal satisfaction or team harmony, and he culti-
vates his project team as the most important organizational element in
project success.

What attracts a man to project management? Most join because of
the challenge of an important task, technically and managerially,
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combined with the potential satisfaction of sceing n complex piece of
hardware progress from paper to successful performuance under one's
guidance.

The OSSA project manager looks forward to new project assignments
upon completion of his current project. For him, the thrill of project
management is stronger than the pull of the luboratory or deeper
immersion in a technical specialty. In contrast, about half or more
OART project managers seek o return to more technically detailed
development or research. For many ol them managing a project is an
interesting but transitory diversion.

THE PROGRAM MANAGER

The typical NASA program manager is in his late 40s—about three
vears older than his counterpart project manager. He exhibits many
of the same personal characteristics as the project manager; he is self-
confident, articulate, outgoing, achievement-oriented, but usually less
aggressive. He has had twenty years of engineering or research experi-
ence, at least hall of that in some supervisory or management capacity.
If he is an OSSA program manager, the chances are good that he has
had either military or industrial research and development management
experience. If he is an OART program manager, he probably has
managed a project in a NACA laboratory.

He sees his two most important functions as: (1) maintaining an
awareness of, evaluating, and acting to control critical factors in project
progress; and (2) project planning.

The program manager places greatest importance upon such man-
ageriul skills as the capacity to operate within the organizational system
(its goals, structures and procedures), the capacity to operate within
the control system (scheduling, quality conuol, technical reliability),
and the capacity to operate within the financial management system
(budgeting, cost control, accounting). The program manager views
human skills as ranking closely to managerial skills in importance, for
his stail role requires him to put considerable emphasis on developing
an informal network of personal contacts. The OART program man-
ager puts greatest emphasis upon human and conceptual skills, as his
organizational authority is even more tenuous than that of the OSSA
program manager, and he engages in a broader span of program
planning activity.

The program manager, as the principal Headquarters official re-
sponsible for monitoring the day-by-day progress of a project, but
lacking a stafl, spends over two-thirds of his time on project informa-
tion and control, and project planning functions. Like the project
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manager, he relies more upon face-to-face and telephone exchanges for
receiving and passing along vital information on the status of the
project, but principally in the direction of the project manager, not
upward to the Headquirters division director. The program manager
does make greater use of written documents than does the project
manager, especially PMRs and reports or memoranda requested by him
of the project stalt. He also reports up the Headquarters chain of com-
mand through documents and formal reviews more often than through
informal discussions. While OSSA consistently uses the MICS for
general formal reviews in NASA Headquarters, OART does not have so
complete and formal a system. Generally, the OART program manager
1s less involved with standardized reporting and control systems.

The program manager tends to function as an individual. His position
carries little authority so he must nurture an authority of knowledge
and dependability even more than the project manager. The system of
relationships that he constructs is so personalized that his successor
virtually has to start from scratch. To succeed, the program manager
must demonstrate to his superiors in NASA Headquarters that he has
his finger on the pulse of the project and retains the trust of the project
staff; he must demonstrate to the project manager and his team that
he has the confidence of NASA Headquarters management and can
speak for them, though he docs not have that responsibility formally.
He acts as a coordinator in dealing with the project team and laterally
throughout the NASA organization. He performs as a staff specialist
when working with other agencies and in preparing project justification
for the budget, authorization, and appropriations processes.

The program manager enjoys the arena of management and policy
struggle. He wants to get the project completed, but he is more in a
position to facilitate it than to command it. He associates himself
closely with the project and the project team, and their success becomes
his success. Generally, he has a longer-term perspective than the project
manager, who tends to be most concerned with the next launch. OSSA
program managers are sometimes more caught up in immediate prob-
lems; this reflects a close concern with the day-to-day progress of the
project and the periodic, sometimes unexpected crises that develop at
higher levels toward which a program manager must react. This pre-
occupation with short-range time perspective by OS$SA program man-
agers may reflect an institutional shortchanging of the program goal
perspective, a critical responsibility at the headquarters level.

The program manager has clearly chosen a career in management. He
seeks his rewards in the satisfaction of having close access to the levers
of influence, and to having a relatively greater voice in agency policy
on programs in his area. His participation in technical success must
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be one of distant affiliation, He is in a position to coordinate, to stimu-
late new action and combinations: to be a catalyst, but not the builder
or “boss.” Yet, in the NASA project management system, his is a vital
role—a critical linchpin between project execution and program con-
trol.



PART Ill. PROBLEMS AND STRENGTHS
IN THE NASA SYSTEM OF PROJECT MANAGEMENT






10. The Most Critical Problems in the Project
Management System: The Project and Program
Managers' View

THE 6] PROJECT AND PROGRAM MANAGERS interviewed during the course
of this study were asked what management problems they consider pose
the greatest obstacles to successful project performance. They replied
with candor and deliberation, producing a list of over a dozen prob-
lems, most of which are subsumed here within five categories: (1) the
increasing complexity and time lag in the decision process, (2) the
need for greater responsiveness from divisions providing support to
matrix-organized projects, (3) absorbing or reassigning project staff
upon project completion, (4) the lack of project control over experi-
menters on {light projects, and (5) technical obsolescence among the
project staff.

THE INCREASING COMPLEXITY AND TIME LAG IN THE
DECISION PROCESS

NASA program and project managers identify growing red tape as
the most important problem for project and program management.
They recognize that it is largely the result of two circumstances: (1) the
increasingly restricted resources available to NASA, and (2) a con-
current pressure for no failures in the launching and operation of any
major flight project. Both project and program managers are aware
that contributing to this restrictive management environment is the
frequently critical view taken of the space program by centers of power
in the Federal government—such as the Executive Office of the Presi-
dent and key congressional committees—and public apathy or an-
tagonism toward NASA’s programs.

Program and project managers see this trend borne out in: (1) a less
people-oriented, more formal management system, (2) requirements
for increasingly detailed reports, and (8) a more time-consuming re-
view process at each point in the life cycle of a project. The require-
ments for additional documentation increase the workload at both the
project and program levels, neither of which is permitted to have new

101
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people to handle the additional paperwork. Most irritating to project
managers is the rationale given for the increasing formality—to provide
better decisions at lower cost andd to improve project performance.
Project managers pointedly deny that they have observed any improve-
ment in project performance and declare that costs actually have
increased because of the extended delays in the decision process, and
the cost ol keeping people and facilities idle during the decision
process.

The more elaborate review process is viewed by many project and
program managers as an erosion of their authority. They see their
capacity to act seriously hedged. Most project managers lay the blame
on NASA Heuadquarters, although some acknowledge that restrictions
are added by field installation management as well. They see both
levels ol management as more hesitant to take risks and less eager to
act with dispatch in making decisions.

The managers of small in-house projects are especially sensitive to
the longer decision process. Many ol these projects are completed in
less than two years. These managers observe that the project approval
process frequently takes longer than the execution of the project, This,
they believe, tends to inhibit innovative research idecas’ being developed
in the field installations, because researchers become less inclined to
fight an extended battle with the bureaucracy when the chances for
success seem slim. An increasing number ol people appear to be able
to delay or influence a decision, although they muay have little under-
standing of the project’s relative value or of the data it will produce.

Program managers agree that the increased reporting and review
requirements produce an air of distrust between the Headquarters and
field installations, tending to reduce both innovation and creativity.
This intrudes upon the project manager’s informal system, critical in
the performance of his role. The level of detail is pushed at least one
step higher in the organization, tending to inundate senior manage-
ment with data and myriad decisions that program and project man-
agers believe should be resolved closer to the working level. This forces
the program manager to put more emphasis on muintaining the flow
of information in the formal system, and less on the development and
maintenance of the informal system, which usually is much faster and
more accurate.

One NASA senior official describes the process of incareased reporting
and review as “one which tends to protect evervone, obfuscate responsi-
bility, and cost a tremendous amount of time.” Another, speaking with
particular reference to the ever-lengthening procurcment process, sug-
gests that there is “a need to be more intelligent rather than perfect.”

Closely related is the view that, because of the trend toward greater
formality, the program manager role requires stronger organizational
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or formal authority. This concern is expressed by program managers in
both OART and OSSA, although it was cited by fewer than half of
the program managers interviewed in either organization. In OART
this observation is made most frequently by those program managers
who came to NASA from industrial project management. A particular
complaint by the program managers in OART who desire stronger
organizational recognition is that field installation directors, under the
new RTOP system, have the authority to reprogram funds within the
RTOP. Several OART projects are subsumed along with other activities
under a single RTOP. The program managers are especially distressed
when an installation director reprograms [unds from the program man-
ager's project to another activity deemed more important to the field
installation.

Most of the program managers in OSSA who believe that program
managers should be accorded greater formal authority have less tenure
on the program than do the project managers with whom they work.
These men had to pick up the responsibility f[rom a predecessor and
faced the difhicult task of developing new and refurbishing old informal
relationships that were disrupted when the previous program manager
left.

THE NEED FOR GREATER RESPONSIVENESS FROM DIVISIONS
PROVIDING SUPPORT TO MATRIX-ORGANIZED PROJECTS

The problem of enforcing project goals, as well as cost and schedule
limits, is endemic to the project system of organization. By definition,
the matrix project organization depends upon the positive cooperation
of people or organizations; the project manager has no ultimate au-
thority to hire, promote, or fire the members of the matrix-organized
team.

Three principal types of support are furnished to various matrix-
organized projects in NASA. They are: (1) the assignment of people
to a project on a full-time basis and under circumstances where these
people will be located physically in the project office (apart from the
individual's parent organization); (2) the acceptance of the manage-
ment and execution of a specific task such as the design, fabrication, or
test of a component or subsystem to be accomplished within the sup-
porting division’s own organization, or under contract, without locating
division personnel in the project office; and (3) the temporary assign-
ment of division personnel to a project for troubleshooting purposes,
varying from a few days to several months.

Divisions do not support matrix-organized projects solely because they
are so directed by the management of an installation, or out of gener-
osity. Usually, the division receives R&D funds beyond any direct costs
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incurred by the division on the project work. These funds come from
the Advanced Rescarch and Technology (ART) or Supporting Re-
scarch and Technology (SRT) budgets assigned to the project. This
gives the supporting division an opportunity to support indigenous
rescarch otherwise not possible.

There are three general categories of “deficiency” cited by project
managers. First, supporting divisions may put their most experienced
and most highly skilled people to work on the project during the early
definition and planning stages (as one project munager suggested, to
“sell” their participation in the project) , and quictly replace them with
other staft members at some point during project exccution. Second,
supporting divisions fail to meet schedules because of a proclivity to
refine a component or subsystem beyond project requirements, or be-
cause those engaged on the task are temporarily diverted from it by
tasks of greater personal interest or by direction of the division manage-
ment. Third, supporting divisions may not respond quickly and with
their best people to emergency requests from the project manager to
troubleshoot a test failure or other critical event.

These problems of responsiveness are not found equally in kind or
intensity in all field installations, though most have experienced them
at one time or another. Some field installations have had more difficulty
than others. There are two underlying differences between those in-
stallations which have few problems with the matrix project organiza-
tion and those which have more. One difference is in the number of
large projects which divisions are called upon to support. If a division
must support too many projects, scientists and engineers principally
assigned to do advanced or applied research are required to turn their
attention to a project rather than their own rescarch interests. (Of
course, ideally, project responsibilities and personal interests agree)) A
second difference is the existence of an explicit priority system by which
division directors and project managers know the degree of support that
can be expected and when to expect it, coupled with a policy of fre-
quent review of these priorities. In those field installations where such
a system exists and where it is enforced by the top management, there
is considerably less difficulty in the support of the matrix-organized
projects.

Responsiveness will remain a key problem in those installations where
top management fails to emphasize its support of project activity and
where priorities are vague or reviewed infrequently.

ABSORBING OR REASSIGNING PROJECT STAFF UPON
PROJECT COMPLETION

Clayton Reeser, in his study of human problems connected with the



CRITICAL PROBLEMS 105

project form of organization, made three observations about project
personnel compared to those in functional organizations with respect
to project completion or termination.™ First, project personnel suffer
more anxieties about the possible loss of cmployment than do members
of functional organizations; second, they tend to be more [rustrated by
what they perceive 1o be make-work assignments than do members of
functional organizations; and, third, they worry more about being set
back in their careers.

Many of the project staff members on the larger projects surveyed
would agree with Reeser’s observations. The problem is not particularly
acute for project staffs on the smaller in-house projects, since they are
involved with a particular project for a shorter period of time and tend
to move from task to task whether or not they are on a formal project
team; they remain in an applied rescarch setting and are only infre-
quently physically removed {rom their piarent organization.

The problem of absorbing project staff is especially troublesome on
the larger projects during a period of retrenchment, and is much more
noticeable in those organizations which are projectized. Until the late
1960s, neither OSSA nor OART had much experience with the closeout
of large projects. Generally, project staff have had the opportunity to
move to a new project or to a project feasibility study. For example, at
LaRC, much of the Lunar Orbiter project stall moved to the Viking
Project. At GSFC, when the A-OSO was cancelled and the OGO com-
pleted, project staff moved to new projects or to those receiving renewed
emphasis such as the OAO, ATS, and ERTS. This occurred at a time
when retrenchment was not so great as it has been in the 1969 to 1971
period, yet there were some significant problems. A number of project
staft were left floating without a specific assignment. Others had to take
positions considerably subordinate to the ones they previously held or
felt that they were employed in make-work tasks. Periods of temporary
assignment lasted for periods of six months to a year in some instances.
Project staft who experienced or observed this dislocation attest to the
low morale that it produced. They report that the dislocation fostered
feelings that career progress was being severcly stunted, and that tech-
nical competence was being dulled by seemingly meaningless assign-
ments.

Presumably, one of the advantages of a matrix-organized project is
that it provides greater flexibility in the use of technical staff—the most
critical resource in project management. Theoretically, engincers and
scientists working within the matrix system are in a relatively good
position to be reassigned, at the conclusion of the project, to the
technical organization from which they came. In many cases, they
continued to be carried on the roles of that organization. In actual
practice, and with the exception of the smaller in-house projects, this
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reabsorption by the technical divisions has not occurred. Project man-
agers and project staff as well as senior installation officials attribute
this to two factors: (1) the individual has been so intensely involved
in a specific system of the particular project that he has not been able
to keep pace with his laboratory colleagues on the research front; and
(2) the individual enjoys the project environment and its pace more
than those of the applied research laboratory so that he remains on a
project stafl where that is possible.

With few new starts being made on space flight projects, the problem
of absorbing project stafl or reassigning them upon project completion
is more critical. Perhaps what is needed is an agency-wide program of
technical upgrading of project staft in order to facilitate their return
to the laboratory or to technical management.

THE LACK OF PROJECT CONTROL OVER EXPERIMENTERS ON
FLIGHT PROJECTS

The integration ol flight experiments with the spacecraft which will
carry them is a technical and managerial feat. The experiments carried
by a spacecaraft represent a major system area in which project man-
agers have very limited control. The experimenters, or principal investi-
gators, are selected by a special NASA Headguarters committee which
reviews proposals {rom university, industrial, and governmental labora-
tories. Decisions on which experiments are to fly are based on an ex-
amination of their scientific excellence, their engincering and opera-
tional feasibility within the technical and schedule parameters for the
proposed flights, and their relative compatibility.

The project manager’s chief complaint is that he is not able to
exercise the same management or technical control over the design,
fabrication, test, and integration of the experiments that he exercises
over the spacecraft and other major systems of the mission. Project
managers {requently complain that experimenters do a poor job of
monitoring costs and schedules for the fabrication and testing of their
experiments, and that experimenters’ refusal or rcluctance to modify
their experiments to accommodate minimum or desired performance
among other subsystems of the flight causes undue delay in the project.

One factor which contributes to this tension hetween project man-
agers and experimenters is that most project managers are oriented
more toward the spacecraft and its performance than they are toward
the instrument payload.

Several project managers deseribed circumstances in which a uni-
versity experimenter circumvented the project manager, and appealed
to program scientists in NASA Headquarters. Two program managers
in OSSA agree that a principal problem is the gencial lack of manage-
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ment competence on the part of many experimenters. One wryly ob-
served that upon completion of the detailed design stage, he can
estimate accurately the total project cost within two per cent “except
for the experiments, which usually overrun considerably.” Some project
staff went so far as to suggest that the selection of experiments should
be placed in the hands of the project manager. This probably is not
feasible for scientific satellites, since it would hinder Headquarters’
determination of scientific program goals.

The Viking Project is seeking to ameliorate this problem by having
the Viking Project responsible for the formal management of the
experiment [abrication and test contracts. The project office will also
retain management oversight and responsibility for all experiments on
the lander system of the project. This will provide added strength to
the management portion of the experimental subsystems, without sig-
nificantly disturbing the responsibility for the technical requirements
that necessarily remain with the experimenter.

TECHNICAL OBSOLESCENCE AMONG THE PROJECT STAFF

Project managers and senior installation managers want to see project
staft members kept in the best technical form possible, not only from
the viewpoint of personal development of the staff members, but also
as a means of infusing new and innovative technical ideas into the
projects. Project managers of the smaller in-house projects do not con-
sider this a problem—probably because the time pressures are not so
intense, permitting project tcam members greater opportunity to keep
up on their professional reading, and because of their closer involvement
with the flight hardware. Greatest concern is expressed about the large
project whose life span runs five to ten years or more (e.g., Viking,
Pioneer, Nimbus, and the launch vehicle projects). The problem is
recognized as a potentially serious one, and apparently is discussed
frequently although no field installation has taken concerted action.

Potentially, the launch vehicle projects are the most vulnerable; they
tend to be more operational than the space flight projects, where there
is considerable change from flight to flight and where the life cycle
usually is shorter. Development never fully ceases on a launch vehicle
since small improvements are being made continually, but a signifi-
cantly smaller proportion of resources is devoted to increased develop-
ment on launch vehicles than on flight projects. As time passes, the
launch vehicle project team has less and less technical challenge. The
ultimate result may be that launch vehicle project team members be-
come less able to move to other development projects, and the project
manager has difficulty attracting replacement personnel because of the
relatively unattractive technical environment.
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Some attempts hive been made or planned o exchange staff between
operating divisions and a project team, but this has been limited to
only one or two people and is not considered to be the solution., Project
organizations are lean and hesitant to lose an experienced engineer
even if only for a period of six months to a vear. Some believe that it
takes longer than this for the project team member to gain his technical
stride in an operating division, and that such exchanges for anything
less than two years are not worthwhile. They also recognize that such
exchianges may result in the loss of personnel. ‘The problem still re-
mains to be addressed in a coherent and forceful manner.



11. Strengths of the NASA Project Management

System: Observations and Conclusions

ONE CANNOT CONCLUDE a review of NASA's project management as it
was organized and conducted in the late 1960s and early 1970s without
a strong sense of admiration lor its innovative character and the solid
achievements of the men who made it work successfully. The general
system comprises three clements: (1) competent persons on the project
teams and in leadership positions as project and program managers, (2)
a concept of project organization flexible enough to be suited to tasks
of great variety and scope, and (3) a general organizational structure
and management environment, in the agency and in the field installa-
tions, which support project-type management. None of this was acci-
dental. The system was deliberately conceived by NASA top manage-
ment, based on its NACA heritage, the lessons gained in delense weapons
acquisition programs during and following World War II, and the
fundamental concept of centralized planning and control but decen-
tralized project execution.

This study suggests that much of the project management literature
overemphasizes, in terms of successful project management performance,
two components of project management: (1) the formal management
system used, and (2) the skills and attributes of the project manager.
The NASA cxperience reveals these to be important, but, in com-
parison with other important elements in the project management sys-
tem, these components probably have been given undue recognition
because of their high visibility.

Another conclusion is that inadequate notice has been taken of a
unique and particularly innovative aspect of NASA's project manage-
ment system—the program manager. This position is institutional evi-
dence of top management’s recognition that NASA Headquarters has
critical functions and responsibilities to meet with respect to successful
project management, but that they are different from those of the field
installations. NASA appears to be the only major agency which uses
project-type organization to make this distinction in its formal or-
ganization. The first major study ol general management within the
Defense Department for the acquisition of major weapons systems
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describes no organizational entity comparable to NASA's program
manager.*

In the pages that follow, these three points of overemphasis or over-
sight are discussed. Four related issues are examined in terms of what
NASA experience suggests about problems and applications of project
management: (1) managing large projects using a matrix project or-
ganization, (2) the effects of “bureaucratization” upon project manage-
ment, (3) the relationship between orgunizational continuity in an
agency and its use of project-type management, and i) applying NASA
project management in other agencies.

THE VALUE OF THE FORMAL PROJECT MANAGEMENT SYSTEM!®

Nearly all the projects surveyed in this study were in the Phase D,
development and operations, or execution stage. Most project managers
make only limited use of the formal conwol and intormation systems.
Their staff members use them more [requently. Principal reliance is
placed upon informal, unwritten, fice-to-face or telephone discourse.
However, formal systems serve at least four purposes.

First, written reports (e.g., PMR, MICS, POP) document actions and
decisions lor legal, historical, information cxchange, and review pur-
poses. They provide a basis for recall of how technical solutions were
reached, as well as the assignment of action to specific people or or-
ganizations. In conjunction with critical technical resviews, configuration
and test reports truce the life history ol subsystems, components, and
parts so that failure or inadequate performance cin be traced to its
causc. This level of detail rarely enters the management system except
where a major failure is reviewed.

Second, the formal reporting and control documents provide a refer-
ence point or buse line when passing along additional, more up-to-date
information. Such a reference point is especially usetul in communica-
tions with someone who is not in daily touch with the progress of the
project.

Third, the general information and control systemn estiblishes critical
points for periodic review by senior management und assoclated staff.
Many of these reviews are technical (reliability, testing, configuration

*Sce Comptroller General of the United States, Acquisition of Major Weapons
Systems, Department of Defense, Report to the Congress B 163038, March 18, 1971
(General Accounting Office) . This GAO report reveals that a principal weakness in
DOD project management is the burden of many disparate dutics upon most project
managers, onc of the most burdensome being a constant deluge of requests, com-
ments, and quasi-orders from headquarters, resulting in a tangled web of time-
consuming relationships.
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changes), but frequently they require considering modifications in
schedule or resource allocation.

Fourth, the requirement of periodic reports forees a certain discipline
upon the project manager and his staff. They must explain clearly
to others what they have accomplished, how they have solved problems,
and what they foresee. Most of the data for the formal system originates
at the contractor level, with consolidation, evaluation, and additional
data prepared by the project manager’s staff.

All of those interviewed recognize the value of the formal informi-
tion and control system in these four uses. Nevertheless, program and
project managers do not rely upon it o keep informed, or to make
critical decisions, in the short time frame within which most of them
operate. The reasons why they do not rely more upon it are: (1) since
it is a written system, it is 1arely up to date with cvents and therefore
has little value as an alerting system, especially on technical problems;
(2) aside from timeliness, it may portray problems inaccurately because
of the reporter’s desire to keep the problem to himsell until he solves
it—this is more likely to occur in the context ol a written repont than
in a face-to-face meeting; and (3) the amount of detail may obscure
critical issues—for example, one field installation official cited a specific
case of “deluging” Headquarters with a mass of detail in an attempt
to divert attention {rom major diflerences in project management policy.

The formal system is useful for providing standard information to
all who participate in a project and for recognized points for review
and control. It is especially critical in setting the definition of the project
during the planning and design stages. Following that it becomes a
useful reference and confirmation process. But it is not the heart of
project management. No formal arrangement can replace the dynamic
system of personal and informal relations developed by key members
of the project team to meet that project’s particular needs.

WHAT MAKES A SUCCESSFUL PROJECT MANAGER?

An important objective of this study was to determine the extent
to which success as a project manager can be captured in a profile of
personal characteristics, skills, and management perspectives. No simple
answer emerged. Although the project manager can be viewed as the key
man in the system, he symbolizes the project team and represents its
collective capacities. The breadth and variety of skills needed to manage
today's complex aerospace projects are beyond the capacity of any
single person. What is needed for project success, assuming adequate
resources and agency support, is a project team capable of working in
harmony and exhibiting a balance of the skills needed—technical,
managerial, human, and conceptual.
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The performance criteria for a project manager seem to be related
more to team performance than to team leadership. The most important
is the technical success of the project: whether the flight or experiment
performs adequately and returns useful data. Bou «cnior officials and
project managers acknowledge this is first in mmportance, followed
closely by mecting the project’s goals in terms of schedule and cost. The
best manager ostensibly is the one who achieves highest technical per-
formance, and who comes dlosest, relatively, to mecting the cost and
schedule estimates. But a project can mect these three criteria, and
the manager not be considered fully successiul. Agency leadership looks
for a minimum of organizational or personal tuthulence—they expect
project maagers to anticipate problems and head them off, and they
expect project managers to have suflicient perspective to avoid undue
clashes with broader program or agency goals.

Those responsible for selecting project managers attest to seeking at
least three principal qualities: (1) @ strong technical background per-
mitting the project manager to command the technical respect of his
staft and to comprehend the inter-relationships among the many tech-
nical elentents of the project, (2) the ability to build a cohesive team
by working cftectively with a wide variety of people, and (3) demon-
strated management ability.

An attempt to analyze these qualities in greater detail (such as the
discussion ol management {unctions, skills, personal characteristics, and
perspectives found in Chapters 7 and 8) leads to no single profile of
the successtul project manager. The directors of NASA field installa-
tions and their senior staff, when asked to name the most successful
project managers. could not agree, declined to make such a differentia-
tion, or found it dithcult to explain the reasons for their choices. A
review of the questionnaires of those named revealed no pattern of
responses with respect to personal skills or chawacteristics.

The avtempt to find some quantitative validity to a particular set of
characteristics failed—possibly because they were applied too narrowly
(only to the project manager, not to the project team).

Perhaps the more revealing question is “Why do projects fail?” None
of those reviewed in this study could be considered tailures, although
several encountered serious difficulty which, apparently, resulted in the
change of project managers. In those instances, the change in managers
was accompanied by a dedication of additional resources and an im-
proved priority—which may well have saved the project from difhculty
in the first place. Several project managers observe that the surest rule to
follow if one wants to be successful is “never be the first manager of a
project.”

Since no profile of personal characteristics and skills is verifiable,
the most useful indicators of a successful project manager are: (1) a
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past record ol extraordinary achievement in managing technical proj-
ects, (2) a well-developed sense of engineering judgment or “intuition”
(discussed in chapter 8), andd (3) a mature sense of risk-taking—i.c.,
the best solution is that involving least risk in terms of the total system
(technical, schedule, financial, “political”"—Chapter 7).

Since men of such dillering dispositions, experience, and qualities
have proved successful in managing NASA projects, it is understandable
that the agency has made only limited efforts to train generic project
managers. In the carly 1960s, NASA contracted with a management
firm lor a short training course in project management. It was not
repeated, The wide variety of projects and project organizations within
NASA probably makes a single course of mstruction unrealistic,. A
program of special note is the one developed by officials at the Goddard
Space Flight Center for its own use, but subsequently enrolling mem-
bers ol project teams from other installations as well. Termed
GREMEX, for Goddard Research and Engineering Management Exer-
cise, it stimulates the time pressures and decision-making with limited
information which it project manager must face. Although limited in
scope, the exercise helps those new to project management to begin to
appreciate the environment in which they must work.

THE ROLE OF THE PROGRAM MANAGER

In his study of NASA program and project managers, and industry
managers on NASA-funded projects, Robert Mandeville revealed
enough overlap in the functions performed by industrial project man-
agers, NASA project managers, and other Headquarters elements to
recommend further study of the NASA program management struc-
ture.2¢

This study suggests that the program manager role does not duplicate
that of the project manager. However, if the program manager tends
to delve too deeply into the details of project management and fails
to concentrate his cfforts on facilitating review and decision at Head-
quarters on project matters, coordination with other government agen-
cies, and the informal development of points of influence both within
and outside NASA Headquarters to promote project goals, he is not
fulfilling his role. The program-project manager axis is a sensitively
balanced one; it can provide benefits over other management structures
if both participants work together in filling their respective roles.
Ideally, the project manager is free to concentrate on the demanding
task of executing the project, as long as it progresses satisfactorily,
while the program manager protects and promotes the project interest
in the NASA Hcadquarters and with the external environment.

In spite of the recognized value of the ideal relationship between the
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program and project managers, the most positive balance has several
obstacles. One is that the project manager does not always accept the
program munager as his peer. Project managers sometimes view pro-
grim managers as less than their equals when it comes o the technical
aspects ol the project, wd this tends o make their relationship more
distant. In the more extreme instances, the program niamager is barely
tolerated and considered a “Headquarters derk.”

It is not casy to chimge such w perspective. Two potential solutions
have been suggested. One is Tor senior oflicials in NASA Headquarters
to make a greater elort in the selection ol program managers to obtain
those who are technically recognized, in addition o having the other
talents required. Sccond, both Headquarters division directors and
program managers generally agree that program managers and project
managers should be selected in tandem to complement one another's
strengths in both skills and personality. This has been attempted con-
sciously on several programs.

One characteristic of the program management svstem found in
05SA and OART s the almost total dependence on the informal Sys-
tem which each program manager evolves in order to meet his responsi-
bilities. When a change is made in cither the progiiun manager or the
project manager. that particular informal system evaporates and the
program manager must reconstruct the systeni. Such a change disrupts
the program management system. The intormal svstem is especially
difficult to reconstruct it the project mimager wt the field installation
has long tenwre in the project and there have heen one or more changes
in the program manager at Headquarters. As one former program
manager expressed it. “The new man cannot put on the old program
manager’s uniform, cach has to tailor his own.”

There is no pat solution. A program muanager accedes to some un-
spectfied authority by virtue of his position. But, as a staff member, he
acquires authority only as rapidly and to the extent that he gains the
confidence of his division director and the project manuger—and each
recognivzes the confidence placed in him by the other.

In spite of these limitations, the position ol program manager is an
important element in the success of the NASA project management
system. It frees the project manager of much liaison work with func-
tional staff offices in NASA Headquarters and with outside agencies. It
helps clear the way for needed resource support. provides a “friend
inside Headquarters,” and frequently provides a source of needed
leverage when dealing with field installation management. When awards
are made, the program manager usually is considered a member of the
successful project team.
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MANAGING LARGE PROJECTS WITH MATRIX ORGANIZATION

Project organization is determined by: (1) the type of project—i.e.,
observatory class spacecraft project, launch vehicle project, small scien-
tific space flight project, large ground-based experiment, or aeronautics
project; (2) the management environment of the installation where it is
located; and (8) the operating style of the project manager. Observatory
satellites and launch vehicle projects exhibit a projectized organization,
with concentration on monitoring and managing contractors in the
execution of the project work. Most other projects are conducted within
@ matrix organization because a substantial portion of the work is
accomplished in-house—systems design, integration, or testing.

The Ames Rescarch Center has managed its two large satellite projects
through projectized organization. The Lewis Rescarch Center projectizes
its launch vehicle projects, but did manage a large satellite, the SERT—
11, through a cosely controlled matrix organization where much of the
tabrication was performed in-house. The Langley Rescarch Center man-
aged the Lunar Orbiter through a partial matrix organization, using a
relatively large project staff assigned full time, with supporting assis-
tance from the operating divisions. Most of those assigned full time to
Lunar Orbiter did not return to operating divisions at the conclusion of
the project, but moved on to the Viking project. Viking is being
operated much like Lunar Orbiter—a large project staff assigned full
time, about half of whom are retained on the rolls of operating divisions
but who may spend years on the project. The Goddard Space Flight
Center uses a modified matrix system similar to Langley's for large
projects. Some personnel from operating divisions are assigned full time
to the project staff, others remain with their respective divisions, but
are assigned subsystems or major components for which they monitor
and manage contractor execution.

In none of the large flight projects where a matrix-type organiza-
tion was used to manage a contractor operation has the organization
worked ideally according to the theory. The projects themselves have
been successful, but the classic matrix eventually is modified. Those
people assigned to the project staff rarcly return to operating depart-
ments to refurbish their technical edge at the research bench.

Where operating divisions are assigned project tasks, the results
have been mixed, depending upon the project and the division and their
respective leadership. On some projects these assignments have worked
out satisfactorily for both the division and the project. On others the
project manager retrieved active management of the subsystem or called
upon a contractor for assistance when the division embellished its task
or gave it insufficient priority.

Project managers point to industry and observe that companies go
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through cycles, swinging from an cmphasis on projectized management
at one time to the matvix form at another. The matrix form requires
delicate balancing of resources and authority, plus a congenial match
of key personalities. 1f an installation, or a company for that matter,
must conduct several large projects simultancously, the balancing and
matching become much more difficult. A projectized organization is
much casier to manage during the lite of t project, but presents re-
assignment problems at its conclusion. It also requires more staff, in
terms of total people working on the project, than the matrix.

A matrix organization lor project management works best in the
following tvpes of projects or circumstances: (1) where the projects are
relatively small and much of the work, such as systems design, testing,
and even some fabrication, can be done in-house; (2) where the dura-
tion of the project is no more than two years so that those temporarily
assigned to the project can shift hack to their respective specialties with
reasonable case upon completion of the project: (3) where a field
installation undertakes no more than one or two major projects and the
assignments to the technical divisions rvepresent only a small part of
their total work load; and (1) where a field installation has a sub-
stantial fluctuation [rom no project activity to three or more projects,
including not more than two large projects.

In any circamstance, the matrix organization will work best if the
installation director clearly enunciates a priority system within which
the projects will be handled. Another factor that contributes greatly to
a successful matrix organization is where the principal managers in-
volved know and respect one another, for the matrix is a loose con-
federation bound together by common comnitment, with resource
control heing the major tool of the project mmager for asserting
direction. I the project manager has been brought in from outside the
installation, he is at a disadvantage.

This type of organization is least likely to work where an installation
has a constant flow of large projects and the technical divisions are
called upon to spend a substantial portion, il not the majority, of their
capability on project support. Although the matrix can be used for
large projects, it tends to lose its flexibility if the project runs for eight
or ten years since—those people assigned trom the divisions lose their
division identitics and more of a projectized organization results,

THE EFFECTS OF "BUREAUCRATIZATION" UPON PROJECT
MANAGEMENT

Many of the program and project managers interviewed expressed
serious reservations about being able to retain the advantages of project
organization in the face ol increasing pressures to institutionalize in-
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formation and control processes. The tendency has been to increase
detail, and push decisions onc or more steps higher in the organizational
chain. This, they say, delays decision, diffuses responsibility, and re-
duces the authority of the project manager and the influence of the
program manager.

It would be premature, based on the data collected through this
study, to conclude that NASA's successful program and project manage-
ment system is going to be rendered ineflective by administrative ossifi-
cation. However, the interviews with project  managers, program
managers, project staff, installation senior officials, and Headquarters
division directors reveal many symptoms of degenerative bureaucracy.
Several managers of large projects admit to a sense of despair over
pressure for “no failures” in the face of restricted resources and diminish-
ing support from field installation management and NASA Head-
quarters. More documentation is required, more detail, more reviews
with expanded participation; the result is a sense of diminished author-
ity and frustration of the project manager’s capacity to act. If this
proceeds to the point that it seriously interferes with the project
manager’s control of project execution, it will fundamentally alter the
system upon which NASA's project success has been built: centralized
planning and control, but decentralized project execution in the hands
ol a responsible project manager,

THE RELATIONSHIP BETWEEN ORGANIZATIONAL CONTINUITY
AND THE USE OF PROJECT MANAGEMENT

In its formative years, NASA leadership built & management system
that emphasized quality performance and individual competence within
a pragmatic, non-bureaucratic structure. Its purpose was to provide both
focus and flexibility in the organization. This resulted in a dependence
upon people located at key points and their relationship with each
other. Structure was achieved through a well-developed information
and control system and the establishment of review processes termi-
nating in well-defined decision points, separately determined for each
major program or project.

The NASA Headquarters organization and the NASA-wide manage-
ment systems were structured largely to support the major flight projects.
There was much less emphasis on broad program planning or on
developing continuity of institutional relationships such as between
Headquarters and the field installation, or among the major Head-
quarters program offices (OMSF, OSSA, OART, and OTDA).

This type of project-oriented organization provided focus for major
operational tasks (e.g., Apollo and major unmanned flight projects),
flexibility, and quality performance in its most important undertakings.
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But one weakness ol this type of organization may be a lack of organiza-
tional continuity. The concentration upon time-limited tasks and op-
erational relationships built upon personal ties appears to weaken an
agency when those tasks are completed or curtailed and when key people
leave. New purposes and new relationships have to be structured. This
can be seen in microcosm when there is a change m program managers.
The new program manager must establish his own network of relations
with the key people in the system (some ol whom may also change) —his
division director, the project manager and his staff, principal points
of contact in other offices of NASA Headquarters, and with representa-
tives of other agencies.

When restricted resources and public apathy or antagonism reduce
the psychological rewards derived from the intensity of project focus,
will the informal structure be able to provide common agency goals
in the face ol strong competition among project-oriented interests? Has
the overriding task orientation weakened NASA's capacity to survive
as a viable organization?

It is doubtlul whether the informal structure can provide the neces-
sary institutional cohesion throughout the agency. The former NACA
field installations are best prepared to meet this organizational crisis
because each is a relatively close-knit technical community. Each has
remained small enough to be able to plan and organize a coherent
group of technical efforts without the typical tormal infrastructure.
Other NASA installations are larger and, typically, have been organized
around a few major projects. More of the agency’s effort will have to be
devoted to planning and program development activities which can
replace the focus that is blurred when major projects terminate. Addi-
tionally, greater emphasis probably is needed upon advanced research
and technology to sustain technical continuity and to stimulate a
concomitant organizational continuity.

If an agency is created to accomplish a single task rather than a
continuing {unction, it makes sense to organize it around project-type
structure. Then, when the task is accomplished the organization can be
dismantled, though at some cost in human energy and dislocation.

APPLYING NASA PROJECT MANAGEMENT TO OTHER AGENCIES

Project management has been suggested as the way to organize when
facing difficult problems in domestic programs. The usual argument is,
“If we can land a man on the Moon, why can't we. . . .” The usual
rejoinder is, if the goals can be defined in detail and agreed on, and if
the method for reaching those goals can be defined and agreed on,
project management can be useful.

This overstates the difficulty of applying project organization. Some
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elements of project management can be upplied even where there is
not agreement on a sct of highly defined goals. Small or modest-sized
tasks are worthy candidates for project-type organization. One does not
need complex reporting or control systems to reap benefits from project
organization—the small matrix projects conducted in-house by NASA
demonstrate that.

The key clements are: (1) senior management commitment to focus
on a well-defined and time-limited task, (2) strong support by agency
senior officials ol the project manager, (3) the authority to act across
organization lines, (4) a basic but simple system for keeping senior
management and those affected by the project informed, (5) a system
for periodic review by senior management at points in the life cycle
keyed to reporting and management decision, and (6) relatively easy
access to senior management by the project manager.

When a number of simultaneous projects is contemplated, it is
necessary to develop a linking process which facilitates integrating
projects with more general, ongoing agency activities. In NASA this
process is accomplished through the program manager. The OART
model, where the program manager acts both as the Headquarters point
of contact for one or more projects and as the staff man for planning
and monitoring a major program area of agency activities, suggests itself
as a feasible point of departure.

Although many refinements can be made, these elements have been
basic to the NASA project management system and can be adapted to
other agencies. Of course, a critical element is the project manager,
his competence in the field involved, his capacity to lead and to work
with others, and his ability to attract and organize a good project team.
Any project organization must be adapted to the agency management in
which it is located, and the project must be treated as a team effort. No
amount of detailed reporting, exquisite charting, or computer-derived
reports can replace top management support and the commitment of
adequate resources.

CONCLUSION

The principal hypothesis at the outset of this study placed undue
emphasis on the personal skills, characteristics, and management style
of the project manager as determinants of project success. The success
of NASA in managing its many complex, risky aerospace projects has
been due not to any “star” system of superhuman individuals directing
these projects, but to the concerted effort of the entire agency through
teamwork and mutual support. The driving force was the excitement
of the particular task at hand, its importance and innovative nature.
It is true that NASA was able to appoint extraordinarily capable men
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as project and program managers, but none could claim all the virtues
usually listed as necessary. For the most part they led teams whose
members were highly committed to the project and who derived great
satisfaction from selflessly contributing to the tcam’s purpose. The
project was the focus—organizational lines and personal ambitions
were submerged in the common effort by contractors, Headquarters and
installation officials, university experimenters, and project staff. This
was the driving force of NASA's success.
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